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NOTES ON THE ORGANIZATION OF NDRC 


The duties of the National Defense Research Committee 
were (1) to recommend to the Director of OSRI suitable 
projects and research programs on the instrumentalities 
of warfare, together with contract facilities for carry- 
ing out these projects and programs, and (2) to admin- 
ister the technical and scientific work of the contracts. 
More specifically, NDORC functioned by initiating re- 
search projects on requests from the Army or the Navy, 
or on requests from an allied government transmitted 
through the Liaison Office of OSRD, or on its own con- 
sidered initiative as a result of the experience of its 
members. Proposals prepared by the Division, Panel, or 
Committee for research contracts for performance of the 
work involved in such projects were first reviewed by 
NDRC, and if approved, recommended to the Director of 
OSRD. Upon approval of a proposal by the Director, a 
contract permitting maximum flexibility of scientific 
effort was arranged. The business aspects of the con- 
tract, including such matters as materials, clearances, 
vouchers, patents, priorities, legal matters, and admin- 
istration of patent matters were handled by the Execu- 
tive Secretary of OSRD. 

Originally NDRC administered its work through five 
divisions, each headed by one of the NDRC members. 
These were: 


Division A—Armor and Ordnance 

Division B— Bombs, Fuels, Gases, & Chemical Problems 
Division C—Communication and Transportation 
Division l)—Detection, Controls, and Instruments 
Division E—Patents and Inventions 


In a reorganization in the fall of 1942, twenty-three 
administrative divisions, panels, or committees were 
created, each with a chief selected on the basis of his 
outstanding work in the particular field. The NDRC 
members then became a reviewing and advisory group 
to the Director of OSRD. The final organization was as 
follows: 


Division 1—Ballistic Research 

Division 2—Effects of Impact and Explosion 
Division %8—Rocket Ordnance 

Division 4—Ordnance Accessories 

Division 5—New Missiles 

Division 6—Sub-Surface Warfare 

Division 7—Fire Control 

Division 8—Explosives 

Division 9—Chemistry 


Division 10—Absorbents and Aerosols 
Division 11—Chemical Engineering 
Division 12—-Transportation 

Division 13—Electrical Communication 
Division 14—Radar 

Division 15—Radio Coordination 
Division 16—Optics and Camouflage 
Division 17—Physies 

Division 18—War Metallurgy 

Division 19—Miscellaneous 

Applied Mathematies Panel 

Applied Psychology Panel 

Committee on Propagation 

Tropical Deterioration Administrative Committee 


iv CoNEBENTIAR—— 


NDRC FOREWORD 


nN EVENTS of the years preceding 1940 re- 
vealed more and more clearly the serious- 
ness of the world situation, many scientists in 
this country came to realize the need of organ- 
izing scientific research for service in a national 
emergency. Recommendations which they made 
to the White House were given careful and sym- 
pathetic attention, and as a result the National 
Defense Research Committee [NDRC] was 
formed by Executive Order of the President in 
the summer of 1940. The members of NDRC, 
appointed by the President, were instructed to 
supplement the work of the Army and the Navy 
in the development of the instrumentalities of 
war. A year later, upon the establishment of the 
Office of Scientific Research and Development 
[OSRD], NDRC became one of its units. 

The Summary Technical Report of NDRC is 
a conscientious effort on the part of NDRC to 
summarize and evaluate its work and to present 
it in a useful and permanent form. It comprises 
some seventy volumes broken into groups cor- 
responding to the NDRC Divisions, Panels, and 
Committees. 

The Summary Technical Report of each Divi- 
sion, Panel, or Committee is an integral survey 
of the work of that group. The first volume of 
each group’s report contains a summary of the 
report, stating the problems presented and the 
philosophy of attacking them, and summarizing 
the results of the research, development, and 
training activities undertaken. Some volumes 
may be “state of the art” treatises covering 
subjects to which various research groups have 
contributed information. Others may contain 
descriptions of devices developed in the labora- 
tories. A master index of all these divisional, 
panel, and committee reports which together 
constitute the Summary Technical Report of 
NDRC is contained in a separate volume, which 
also includes the index of a microfilm record of 
pertinent technical laboratory reports and ref- 
erence material. 

Some of the NDRC-sponsored researches 
which had been declassified by the end of 1945 
were of sufficient popular interest that it was 
found desirable to report them in the form of 
monographs, such as the series on radar by 
Division 14 and the monograph on sampling 
inspection by the Applied Mathematics Panel. 
Since the material treated in them is not du- 


plicated in the Summary Technical Report of 
NDRC, the monographs are an important part 
of the story of these aspects of NDRC research. 

In contrast to the information on radar, 
which is of widespread interest and much of 
which is released to the public, the research on 
subsurface warfare is largely classified and is 
of general interest to a more restricted group. 
As a consequence, the report of Division 6 is 
found almost entirely in its Summary Technical 
Report, which runs to over twenty volumes. 
The extent of the work of a Division cannot 
therefore be judged solely by the number of 
volumes devoted to it in the Summary Technical 
Report of NDRC: account must be taken of 
the monographs and available reports published 
elsewhere. 

Any great cooperative endeavor must stand 
or fall with the will and integrity of the men 
engaged in it. This fact held true for NDRC 
from its inception, and for Division 6 under the 
leadership of Dr. John T. Tate. To Dr. Tate and 
the men who worked with him—some as mem- 
bers of Division 6, some as representatives of 
the Division’s contractors—belongs the sincere 
gratitude of the Nation for a difficult and often 
dangerous job well done. Their efforts contrib- 
uted significantly to the outcome of our naval 
operations during the war and richly deserved 
the warm response they received from the Navy. 
In addition, their contributions to the knowl- 
edge of the ocean and to the art of oceano- 
graphic research will assuredly speed peacetime 
investigations in this field and bring rich bene- 
fits to all mankind. 

The Summary Technical Report of Division 6, 
prepared under the direction of the Division 
Chief and authorized by him for publication, 
not only presents the methods and results of 
widely varied research and development pro- 
grams but is essentially a record of the un- 
stinted loyal cooperation of able men linked in 
a common effort to contribute to the defense 
of their Nation. To them all we extend our 
deep appreciation. 


VANNEVAR BusH, Director 
Office of Scientific Research and Development 


J. B. CONANT, Chairman 
National Defense Research Committee 


FOREWORD 


HIS REPORT, supplementing Volume 10 on 
4 calibration methods, presents a compilation 
of data relative to a wide variety of projectors 
and hydrophones. Certain of these units de- 


veloped were for use as standards while others 


were developed as parts of gear intended for 

‘gervice use, The agency developing the instru- 
ment of devices is in ach case indicated. The 
acoustical and electiical daia included are bazed 
on tests made at the Mountain Lakes, New 
- dersey and Griando, Florida test stations of the 
Underwater Scund Reference Laboratories 
{USRL} operating under Contract UE Mar-1140 
with Columbia University. This report has 
been prepared by thet organization. 

‘It may be stated that a somewhat less com- 
prehensive compilation was undertaken several 
years ago in the form of the Dictionary of 


Underwater Acoustical. Devicee iagued by 


=: USEL. The usefulness and wide acceptance of 
; the Ricccinat anoms te justify oe: more 


comprehensive assembling of the material 

In carrying on the work described in. this re- 
port the Division and its contractor have had 
the cordial support and counsel of the Office of 
the Coordinator of Research and Development. 


‘In addition constant and most helpful. contact. 


has been maintsined with the Navy lisigon 


Officers designated. for. the various projects. On 


page 852 are listed the principal Navy proj- 


ects undér which this particular work was 


performed. - 

‘The Division alsc wishes to express itz ap-— 
previation of the cooperation afforded by a 
number of industrial organizations operating 
under Navy contracts. These have furnished 
models for test and members of their staffs have 
given time freely to the Hydrophone Advisory 
Committee (ace page 353). 


Journ T. TATE 
Chief, Division ae 


- PREFACE 


HIS VOLUME summeri? eg and presents the 
_ ft calibrations made by the Underwater Sound 

Reference ‘Laboratories Gh various sonar equip- 
ment developed by the NDP, as well as by the 
‘Navy and its eontracters. It in. .des. not only 


those data originglly in the USRL Dictionary of. 


Underwater Acoustical Devices, but aiso addi. 
»— tional information collect: ‘we 1944 and 
19465, Age 
‘As it is intended. that, this voltti..g sei  prie 
: marily as a reference for those interested ia the 
basic performance fimires of. sonar gear, the 
information hes been grouped arbitrarily into 
seven chapters, 
The scientific staffs at the Mountain Lakes 
cand Orlando atations, together with those of 


other. Division é and neal laboratories, have 


collaborated in collecting data included in this 


volume and preparing it in suitable form for 


publication, This group includes: Edwin L. 


Carstensen, E. Dietze, W. Richard Elliott, 
Leslie L. Foldy,: Frank H. Graham, Earle C. 
Gregg, Jr,, Bivhard Hartmann, Norma Hart-. 

mann, F. Willies ‘Hoffman, Paul F. Joly, Joseph — 


B. Keller, Martin J. Kiein, L. Pauline Leighton, 


Lucille Northrop, Henry Primakof®, Edward S. 


Rogers, Robert §. Shankland, Erwin F. 
Shrader, D. Rernard aise Richard J. 


Tillman. 


Rosser §, SHANKLAND 
Editor 
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Chapter 1 


¥ THE UNDERWATER sOUNE REFERENCE 
LES ORAPORIES 


and moving coil, the flux deoaiiy 3 in the air 
gaps, and the length of the conductor in the 
coil? The predicted performance was. checked 
by means of response measurements in air, and 
the celibration in water was then. worked cus. 
from that in air.* 

Another primary standard used by the USRL 
is the CMF hydrophone (see Section 1.4.18), 


Papin INTRODUCTION 


8 POINTED OUT PREVIOUSLY" raost. of the 
calibration tests made by the Underwater 
Sound Reference Laboratories (USRL] have 
‘been the comparison type, in which measure- 
ments relative to a stendard are taken. A 
standard can be defined ag @ device for which 


an absolute calibration is available and which 
is used a8 9 bse!s of comparison in testing other 
instruments. 


which ean be calibrated in absolute terms on a 
quasistatic* basis, 

A third example is the low-frequency pres- 
sure tank system, which is capable of being 


Before the reciprocity method was estal- 


Compariron of Projector Standards Manufactured by BTL on N DRC Contract for USRL 


neni ennnetninn edhe ead AE an te Walon me Seleroeataantemnecteantaeetert 
a emmennce rer nthe as rhe tae paen Pam noNa AEN ir aeeone nr CPR mnoNan na arm CREST OT Lee Sse 


Maximum 


baercece 


Peper oscar 


Code ‘Type 0 of _Froaueney permissible Directivity 
No. construction (kee) input (w) fadex (db) 
5A ADR Pee 202350) 0.1 ~ 13, 0.0 ke), 
2B Y¥-cut Rochelle salt. 75-28 7 —~ 90 GZS kee) 
38 2. Yeu Rochelle salt 28-100 Decreases with = 8.0 (30 xe) 
; ' , frequency irom 

fa 5 to 0.8 ; 
4B: ; Movidiz coll 0.008-0.8 125°: Nondirective 
6B . Y-cut Rochelic anit 10-80 01 16.3 (70 kc) 

Aik Moving coil 03-10 a above 400 c Nondirective 
MH | Xcur quartz 400-2,200 ~19.5 (150 ke) 


 aeamenatintiiataneetene 


lished and applied by the USRL as a means for 
obtaining absolute calibrations, a distinction 
wae made between prinary standards, which 
were calibrated by absolute means, and gec- 
ondary standards, which were ‘calibrated by 
comparison with the primary standards and 
then in turn used as standards ta compariasn 
tests. Often the secondary standards had cer- 


ie tain practical advantages as they were more 
‘rugged, had a higher output level, could handle 


. a larger input, ete. 

The 1A. pressure gradient hydrophone (see 
Section 1.4.10) is one of the primary standards 
that was used by the USRL, Its response in air 
and water is predictable from its design con- 
stants, that is, the area and mass of the megnet 


neat ‘Netenenand hetretment e 


calibrated on an abseonite basis independent of 
auxiliary hydrophone-standards” - 

With the reciprovity calibration method ail 
instruments, provided at least one of them ia 


reversible. can be calibrated independently 80 


that the dijere erence: beteeen, primary and sec. 
ondary sianterds largely disappears. ‘Instru- 
menta can then be selected. ag standarda merely 
on the basis éf the guitabliity of their. char. 
acteristics." 
‘One of the most important requirements, for 
&@ sfindar'? is dependability, that is, a standa i. 
should give to: same performance day in and — 
day out under various: conditions of ug# zo that, 


“82s STR Division €, Volume 10, Chapter. & 
*See STH Division 6, Volume 10, Cheiaee a, 
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geome inte wee and are now 

" Rochelle aalt cryetel, The AD) 
2 axis. Ita acoustical end olectrical character. 

tatics are similar to those of ¥-cut Rochelle galt, 

mechanical eharacteristics arc superior. 

Jt in stable 

and its melting temperature point is'at 190 C, 
: sotthoniate - 125 c toss of ammonia Pesults, 


¥ SUg eee eset eaeal 


ie : USRL STANDARDS 


“onan. its calibration hae been determined, it 
can he relied upon for an extensive period of 
time and under = wide range of testing CONG t+ 


tions. This requirement ie more oasl'y mat in 
hydrophones than in projectors, the latter 
Sig eegs to eee internal hay aaah 


1 TS 
Be, Ret 


se helaaie’ the. msterial 
af ‘rua ant fg made, The Xcut 
e salt crystal, because of ite tempera. 


ture désaundence, for instance, should tn gen: 


eral be avoiide instead, 46° 


Yecut ervetals hiv teen uead, A disadvantage 


af the Y-cut crystal la its high electric im- 
pedance, which detiande the une of a. high input 


impedance preamplifier in order to obtain an 


preciable fraction of the generated. voltage. 
On fhe other hand, the Y-cut erystel hes no 
hystevesia and its constants are practically 
independent of temperature and loading con- 


wraint. More recently ADP (ammonium di. 


hydrogen phonphate, NH,H,PO,) crystals have 
lacing the Y-cut 
is ¢ut along the 


but ite ay 


‘in alr up to 98 per cent humidity 


“prometoR st. ANDARDS 


% The majority of. he: Standards used by the 
‘ USRE, aid been ee tat the. asc Tele. 


: becomes mere and more. a 


ean Prien a il ow gk ew rere ag 


seauaabisiaier and a lowofrequency aouree de- 
kigned by the Naval Grdnanes Laboratory “p 
also of thia type, 
‘The efflcieney of the 4f and 1K units ia af 
the order of —26 to of dh va the ideal, 
whereas crystal projectors have been deaigned, 


_ but not for the low frequencies, with only. ats 
Tew: decthels loss. ‘The low afleleney of tho 


fynaimie unit is due to the latex dissipation in 
the aapper and iron. Not only te the efficiency 
low but the amount of power which ean be 
applied to he unitate limited by overheating, 
At low frequencies another factor mite the 
output, namely, the maximum amplitude of — 
mation that the diaphragm enn produce. ‘Also 
the static pressure moat at all thes be equal 
on both sides of the diuphragm, How thin prea- 
sure equalization is aesompllahed is covered 
in the deseription of the two walts, When the 
necessary precautions are taken,© ™ it {p- poe 
alble to use these unite at deptha up to 60 ¢%; 


which {1 ae great as any normally required in 


USRL calibrating work. 
At the higher frequencies it ts possible to 


use eryetal projectors, These are officient and 


have. reasonably uniform response. The useful 
frequency range of any one projector, however, 
is limited by the size of the. projector. As the 
freqiency is inersased, a unit of 5 given size 
réctional until finally 

that it no longer 


’ peeved a. ‘uniform soumt fold for testing. 


When the ‘projector beam is too sharp, any 

small change in alignment of the testing ays-. 
tem causes large changes in sound level ab the — 
test point. For this reason, smong others, the 
6B is used only to 30 ke, and the 6A projector, 
which fs emailer and hence leas directional, is 
used above 80 ke. Similar considorationa are 
applicable to the MH. traneducers, which are 


thes _ need in the high-frequency system. The crysta! 


ree! : d by 
USRL, The fo lowing pcr standards have 
ea rai on this basis. 


mie. ‘inits. This Gie 


2 on or seo to = farce well cee Aes 


po gored to 800 we Bas a diameter of 


The rb an 3B projectors Said of. an array 


tracey by. an of panna Yese 


pater, This leads te a highly efficient: design. 
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well controlled 
impedance aa 
tem is low, 


HYDROPHONE STANDARDS 3 


These units, however, bave hot proven too 
Ssitlafactory for the close-up, precision testing 
that comprises moat of the work done by the 
USRL. This ie because cf the bhase difference 
between the sound from the different crystals 


and the shift in the origin of the sound field 
position with the change in ‘the contribution 


~ from the different crystals. For these reasons 


the sound intensity does not ebey the inverse 
aquare law diatance relation too well until the 
testing diatanca becomas 80. great (at least 
10m) that the w ole unit approximates a point 
Aource, Therefore, these projectors have been 


‘used more by other groupe in the underwater 


_ sound field who test at grenter distances than 


‘with tempera- 
characteristic, 
ter temperature 


© power is applied to it, 
‘these units may be fairly 
‘soplying them froma kigh- 
The efficieney of such a sys- 


power iz dissipated in. the source. it is realized 


that a constant carsent circuit would minimize 


ese troubles to a consiierabie degree, The 


Brush Development Company has reeently pro- 


duced the AX-124. transducer (see Section 
1.4.2). This unit, which is ersentially the C18 


with ADP crystals and is free from tempera- 


ture effects, would be considerably more satis. 
factory for uze as a sound source, 


Mie HYDROPHONE STANDARDS 


‘The general requirements for the selection 


of a hydrophone for use as a standard ‘have 
been outlined praviously.4 However, the selec. 
“T8ee SER Gir'eon 6, Volume 10, Chapter 5, 


large fraction of the enpplied. 


Won of a standard for a particular text fre. 


quently requires additional consideration. 

1. It is necessary that the standard have a 
reasonably aniform response within the im- 
portant frequency range of the device under 
test. Often, in order to achieve this, 9 particnar 


hydrophone is selected. It is chvious: that any - 


irregularity in the response of the standard 
renders it more difficult to determine accurately 
response verlations in the tést instrument in 
the same frequency range, The eituation is 
even worse if the sound source also has irregu. 
larities in this range. For instance, some 8A 
hydrophones “‘haye irregularities in the 20-kc 
range. By using the OLA hydrophone, which is 
particularly smooth in this range, te. supple. 
ment the measurements with the 8A hydro- 
photie, itis possible to improve the accuracy of 
ihe calibrations, 

..& The outpat of the hydrophone inchiding 
its. preamplifier should. be linear with sound 
pressure over the frequency range ‘for the 
range of pressures used in the test. In order to 


meet this requirement in the measurement of 


projectors under full power and in tests on 


underwater acund explosions, it was necessary 
to use @ special $A. shunted down with capacity 
at the input so that its preanuplifier would not 
overload. Of course, such an instrument has 
also correspondiagly lower response, — | 
8, A hydrophone used es a standard should 
be low in impedance te reduce the tendency for 
electric pickup in the deads, or else 4 pre. 
amplifier, preferably of the enthode-follower 
type, having a low output impedance should be 
immediately associated with it, The tA and 2A 
hydrophiones are illustrations of the first type, 
the 5E and 8A of the laiter type. . : 


onant frequency. This procedure ig illustrated 
by the use of the 1A and 24 hydrophones, 


which have low-frequency resonances and sre_ 
used well above their natural frequencies, and 


5 


by the EE and SA hydrophone’, which are 


normally used below their natural frequencies, 


5. The hydrophone standards should be non- 
directive or should have broad beams, It is 
not always possible to use nondirective instru- 
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_4. In order to have a uniform response, the 
hydrophone should not be used near ita reg. 
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_ this unit and the reeeiving amplifier cannot be 


tolerated. A condenser circuit has been de- 
signed hy. the USRL which can be directly 
associated with it under water. This circuit 
provides a high-impedance termination for the 
erystal and presenta « low impedance to the 
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gt DET aE a elaine RR 
cable. (3) It is insufficiently shielded, which 


has caused giectric pickun trouble in some tests. 
This lack of shielding has been overcome by 
painting the head with metallic paint. ‘These 
defects are minor and can readily be overcome, 
as illustrated, 
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Lat | 5A Projector 


Type: ADP Crystal, 
Operating range: 20 to 150 kc. 
Lesigner: Bell Telephone Laboratories. 
oe - - = Manufacturer: Weatern Electric Company. 
Reference: NDRC Report No. 6.1-sr783-1329, February 7, 1945.94 
Description: Consists of a crystal transducer unit and a transformer in 
- & common housing, The transducer unit contains an array of ammonium 
-dthydrogen phosphate erystals mounted between the diaphragm, which is 
exposed to the water, and a stdel backing plate. It is designed to work from 
& circuit having 185 ohias impedanee, The projector, except for the dis- 
phragm end, is encased in.a layer of low-impedance sound-reflecting cork 
and rubber matirial. A 30-f¢ shielded, flexible, 2-conductor, rubber-covered 
cord is provided for connecting the projector to the souad source. For 
schema (ie circuit Grawing, see Figure 33 in Section 1.4.6. 
Overall diameter: 2% in. 
Overall length: 7 in. 
Weight: ® Ib. ; 
Recommended maximum power input: 0.4 w from.a 1$5-ohm souree. 
Efficiency: Approximately 18. 6 db vs ideal at 70 ke, 
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Frourn 1, Directivity patterns, 5A projector, 
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Ficure 5. 5A projector. 
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Fievre 2, Transmitting response, BA projecter. 


: P| SE ae 
a ae mee 
& 

: ra 


SR Raa ee 
Speci teen RRL 
ani | 


Suititan omit 


: both tC ERE ica ine ; ce 
ba Oi i ieee oh We ne male te ein 
e ; PRB EMERET em A. : lak 
a Proves 2. Receiving response, 5A projector, Fycure 6, 5A projector, interior view, 


_ CONFIDENTIAL 


 § pate  USRL STANDARDS 


aod __ AX-124 Projector (AX-70) 


Tune: ADP Crystal. 
Opernting range: & to 100 ke. 
Designer: Brush Development Company. 
Reference: USRL Orlando Project 135A, November 21, 1844 to Decem- 
_Beserintion;: This prolestor, a amall model of the AX-G8 (see Section 
2.7.40), is designed for maximum output in the region 40 to 50 ke, The 
eryatal exsembly is split along a vertical axis, and four separate terminal 
connections are brought out from the transducer. The unit is oil-filled so 
that it may be used at depths of several hundred feet. This model super- 
acies an earlier one, the AX-70, which used X-cut Rochelle salt crystals. 


Kfficiency: Approximately --2 db ve ideal at 56 ke. 
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ai 2B Projector 
Type: ¥-Cut Rochelle Sali Crystal. ae 


‘Operating reage: 7.5 to 28 ke. ; 

| Designer: Bell Telephone Laboratories, 

Manufacturer; Western Electric. Company. , 

References: NDRC Report No, 6,1-cr212-625, January 21, 1E43.15 

NDRC Report Nu. 6.1-sr20-802, January 27, 1943,1° 4 

Description: A soultiunit resonant system using five ervatal blocks, each 

covering about 26 per cent of the frequency range, Each block consists of 

quarter wave! rgth, 45° Y-cut Rochelle seit crystals, backed by a querter 

wavelength; svd resunctor. The crystal blocks are enclozed in a chamber 

filled with castor oil, Sound is radiated Into the water through a rubber 


_flome which forms part of the oil chamber. The rear cover of the unit 


encloica an air chamber containing resonating coils and a step-down 


_ transformer. 


Overall diameter: 20 in. 

Overall length: 16 in. 

Weight: 217 Ib. 

Recommended maximum power input: 6 or 8 w. 


Efficiency: —3 db at 23 ke. 
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By 4B Projector 


Type: Inertia Controiled Moving Coil. 
Operating range: & to 500 ¢. 
Designer: Bell Telephone Laboratories. 
Manufacturer: Western Electric Company. 
Reference: NDRC Report No. 6.1-sr783-1212, November 20, 1943.7" 
Deseription: The vibrating surface is an annular-shaped beryllium- 
copper diaphragm covered by a watertight rubber membrane and driven 
by-a large moving coil positioned in the field of a permanent magnet. The 
magnet and the diaphragm are enclosed in a cast bronze housing with one 
side of the diaphragm exposed to the water through an opening 9 in. in 
dlarreter. A high-pressure reservoir at the rear of the projector auto- 
matically supplies air to the rear of the diaphragm to compensate for the 
external water pressure. 
Outside diameter: Approximately 16 in. 
Weight: 375 Ib. 
Recommended maximum power input: 125 w from a 16-ohm source. 
Eficiency: Approximately —30 db vs ideal. 
Directional properties: Essentially nondirective in operating frequency 
range. 
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; Froure 26. Transmitting response, 48 projector, 
' Ficure 26. Impedance, 48 projector, 
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es 68 Projector 


Type; Y-Cut Rochelle Salt Crystal. 
Operating range: 10 to 80 ke. 
Designer: Bell Telephone Laboratories. 
Manufacturer: Western Electric Company. 
Reference: NDRC Report No. 6.1-er783-1925, August 16, 1944.55 
Description: The diaphragm is drivon by an array of 45° Y-cut Rochelle i 
salt crystals connected in perallel. The erystal array is mounted between 
the diaphragm and a steel backing plate. The rear half of the crystal head 
assembly is enclosed in a easing of a low-impedance, sound-reflecting, 
cork and rubber material. It is designed to work from a circuit having 
195 oben» impedance. A transformer is included in the housing to deliver 
the power from the low-impedance source to the high-impedance crystal 
array. A 25-ft shiekied, flexible, 2-conductor, rubber-covered cord is pro- 
vided for connecting the projector to the power source. 
Overall diameter of head: 6% in. 
Overall height: 19% in. 
Weight: $0 lb. 
Recommended maximum power input: 0.1 w from a 185-ohm source. 
Efficierey: Approximately —16 db vz ideal at 70 ke, 
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Proves #. Directivity patterns, 68 projector: Fiacte 20, Transmitting response, 68 projector. 


imme aattul 
a , 1 seme ee LA 
wv Sea al dt tea EEE 
: ee 
# tf a 
es te aac 


CONFIDENTIAL 


STANDARD INSTRUMENTS 17 i 


SHIELDED 
2 CONDUCTOR : 
coRD-——~ 


PREQUENEY wa ORG 
Frouss 31. Impedance, 6B projector. 


TRANSFORMER 
HOUSING 
- “Figuae 88 68 projector. 
METAL-TO- Dare 
Lge —— HOUSING | 
oe Sha INSULATORS 
| ‘ 
CASE t-t-—-DIAPHRAGM 


Fieume 83. Schematic circuit drawing, 6B and RYSTALS 
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Ficus 34. 6B projector, assembly cross section, 
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sili C13 Transducer 


Tupe: X-Cut Rochelle Salt Crystal. 

Operuting range: 5 to 159 ke. 

Designar: Erush Development Company. 

Refevenee: Brush Report No. LR-118, September 9, 1943." 

Description: An array of K-cut Rochelle salt crystals form a radiating 
ares approximately 3 in. aquare. The unit is oil-filled, which permits its 
use at submerged depths of several hundred feet without appreciable 
change in characteristics. 

Recommended mazimum power typut: Because of the use of X-cut 
eryatals, performance depends on the external circuit used. For stable 
operation a constant current circuit is required. 

Efficiency: --12.5 db at 70 ke. 
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Fieurn 45, Receiving response, MH transducer. 
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Figure 48. Directivity patterns, MH transiucer, 
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Pioure 44, Transmitting response, ML trans- Picurs 46, ME transducer. 
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Type: Preagure Gradient Moving Coil. 

Operating range: 306 to 60,000 c. 

Designer: Bell Telephone Laboratories. 

Menufecturer: Western Electrie Company. 

Reference: NDRC Report No. C4-sr212-058, March 2, 1942.° 

Deseription: A eoil consisting of many turns of fine wire wound on 2 
rectangular bakelite form is movable in the field of a permanent magnet 
assembly, The entire instrument is suspended Ly springs in a container 
of thin copper foil with « vulcanized coating of tough rubber. The container 
is Alled with an air-free quid which freezes at 8 F, and which contains 
ethy! atcohol and glycerin in such proportions that the acouat.c impedance 
closely matches that of water. Twenty-five feet -¢ Luewied, rubber-covered 
cord is connected to the hydroph<nc. a» much as 300 ft of such cord may 
be used befween hydrophone and amplifier without appreciable loas or 
distortion. 

Overall dimensions of case: 2x214x6 in. 
Weight: 8 Ib. 

Directional properties: In a plane perpendicular to the long axis, the 
directivity has a cosine pattern up to about 40 ke. Maximum reapense is 
obtained when the direction of propagation of the sound ia in the plane 
of the coil normal te the longer side. 
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Ficure 60. Impedance, 1A hydrophone. 


~ Figus 42. 1A hydrophone. Fisuee 51. 1A hydrophone, interior view, 
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i 2A Hydrophone 


Type: Pressure Gradient Moving Coil, 

Operating range: 600 to 106,000 c. 

Designer: Bell Telephone Laboratories. 

Manufacturer: Western Electric Company. 

Reference: USRL Mountain Lakes Project 250A. 

Description; A smaller model of the 1A hydrophone mounted in the 
same size housing. The container is filled with an air-free liquid which 
freezes at 8 F. Twenty-five feet of shielded, rubber-covered cord is con- 
netted te the hydrophone. Ae much as $00 ft of such cord may be used 
between hydrophone and amplifier without appreciable jess or distortion. 

Overall dimensions of case: 2x214x6 in. 
Weight: $ Ib. 

Direetional properties: In a plane perpendicular to the long axis, the 
directivity has a cosine pattern up te sbout 76 ke. Maximum response is 
obtained when the direction of propagation of the sound is in the plane of 
eoil normal to the longer side. 
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Las | BiB Hydrophone 


nies paneer itt oe oe 


‘Tyne: Magnetostriction. 

Gnerating range: 200 to 100,000 c. 

Designer: Harvard Underwater Sound Laboratory. 

Reference: NDRC Report No. 6.l-sr1130-1199, January 17, 1944." 

Description: The transducer consists of a nickel tube 35 mile in thickness, 
$44 in. in length by 114 in, in diameter, with a permanent magnet of 
ievylinérical wooden core is placed on each side 
of the magnet, and a coil consisting of 180 turns of No. 26 wire in wound 
lengthwise over the core and magnet, The ends of the nickel tube are closed 
by caps fastened together with tie rods. At one end the hydrophone cable. 
is brought out through a watertight gland, Suspension yokes are attached 
te the end caps. 
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rer 5c and 5E HdiepWanes 


Type: 5C Hydrophone: X-Cut Rochelle Salt Crystal. 
‘$B Hydrophone: ¥-Cut Rochelle Salt Crystal. = 
Operating range: 6C Hydrophone: 2 to 10,000 c. 
5E Hydrophone: 100 to 40,009 c. 
_ Designer: Ball Telephone Laboratories. . 
. Manufacturer: Weatern Electric Company, _ 


= 
2 


Reference: NDRC Report No, 6.1-ar846-1921, March 20, 1944." _ 

| Deseription: Each of these hydrophones consists of a transducer unit 

and an associated two-tube preamplifier contained in a common housing. 
‘Whe 5C unit eontains eight 45° X-cut, Rochelle salt crystals connected in 
parallel; the 8B unit has sixteen 46° Y-cut Rochelle salt erystals, In both 
units the crystals are assembled between a diaphragm, which is exposed to 


the water, and a resonator. The 6C nreamplifier is designed to operate with 
800 ohme sevdss the oneput terminals, The bE preamplifier is designed to 
operate with 196 ohms across the output termingls. The maximum output. 


voltage thet this amplifier can deliver into 135 ohms without overloading 


is approximately 1 v at 4 ke, which corresponds fo about 16,000 dynes per 


sq em, (The maximum for the BC is about Iv at 2c and 0.5 v at 10 ¢ into 


0 ohina, about 1,000 dynes per aq.cm.) Housings for the two units are 


identionl, Twenty-five feet of rubber-ineulated cable is provided. Combined 
weight of hydrophone and cord: 12 Tb pre ies 
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aad | CILAl Hydrophone 


Type: X-Cut Rechelle Salt Crystal. 
Operating rang: 100 to 100,000. 
Designer and Manufacturer: Brush Development Company. 
References: Brush Report No. LR-47, March 4, 1942.4 
_...... . NRO Report No._ C4-sr26-147, July 27, 1942. 
NDRO Report No. C4-ar20-248, July 27, 1942.° 
NDRC Report No. 6.4-sr20-962, August 30, 1945.2" 
Description: The transducer element is a Rochelle salt crystal block, 
4, in. square by (win. Jong, mounted in 9 wana ring. The }o-in. faces are 
covered by thin Phosphor bronze disphragms, which are cemented to 
path the crystal faces and the ring housing. The eurface of the crystal 
assembly is chrome-pjated. A preamplifier is contained in a eylindrical, 
chrome-plated, brass housing, isolated mechanically from the crystal head 
‘by a rubber connection. ‘The preamplifier overloads at approximately 
60,000 dynes per sq cht. Tt is recommended that the resistance across the 
output terminals be $00 ohme. A 28-ft, feonduetor, ehielded cable is 
attached to the preamplifier housing. = . 
Length: Approximately 91% in. 
Weight: 2% ib. iti 
Weight of cable: 44% Ib. ‘ig Pus : 
_ Directional characteristics: Output of microphone independent of angu- 
lar position below 60,0°0 ce. the MIB WB 2 8 i 
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eer Condenser Hydrophoric (CHP) 


Type: Condenser. . 
Operating range: 0 te 75 ¢. 
Designer: Massachusetts Institute of Technology. 
References: MIT Research Project DLC. £985, Series Al, No. 12, April 
1, 16488 

: NDEC Report No, 6.1-0r20-881, June 30, 1943,2° 
4 Deseription: Tue hydrophone is T-shaped and haa two diaphra apm to- 
5 ented at the ends of the erafaber of the “T.” The remainder of the houving 
contains a transformer and a pressure ‘equalizing system which com- 
pensates for shanges in atatie. pressure, In this compensating system, 
water io led ixta a chamber aurrounding | an air-filled subber bag. ‘Whe 
‘pressure on the bag is transferred by mmana of air ducts io the back of 
the dievbregm. The hydropkone may be calibrated by lowering ft ie a 
known distance in water with the pressure equalization chamber closed, 

The complete Hetening aystem Includes, bealdes the hydrophone with its 
built-in transformer and cebic, acstelated clactrical equipment known 
88 the Bridge Medulntor Medel C [RMC) assembly end mounted separately 
in a cabinet 2219.5n14.8 in. This assembly consists of a Wien impedance. 
bridge, oscillator, attenuator, band-pass amplifier, ¢ de’ ‘vetor, and power 
supply. 
Weight of hydrophone: About 26 Ib. 

- Weight of BMC cabinet: About 75. ib 
_Dirnottonat Properties: Besentially nondirestive, 
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Froune 96, Measured “threshold, Pap hydyo- 
phone. 
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= . OLA Hydrephone 


Pype: Tourmaline Crystal, 

Gperating range: 8 to 98 ke. 

Designer: Naval Research Laboratory. 

References: NDRC Report No. 6.1-ar20-884, June 28, 1945.77 

ae nose ~— _NDRG- Report No. 6.469711280.2198, January 84, 1945.7" 
Deavriition: Four tourmaline disks, each 14 in, in thickness. and 2%. 
in. in diameter are cemented together and connected electrically in parallel. 
This ateck in bacned by a steel plate and a cork sheet. The assembiy is 
supported in «a scherieal steel shell having a und-transparent rubber 
window and mounted in « casi-bronze housing. The hydrophone is filled 
with caster off, A 20-ft cable is part of the instrument. 
Weight: Appreximatety 20 Ib. 
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Figure 160. Receiving response, OLA hydro- 
phone. 
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Figuan 99. Directivity pattern, QLA hydro- 
phone at 25 ke. 
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Fiouam 104. Directivity patterns, XMX hydro- 
phone in a plane perpendicular to the axis. 
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Frcurs 106. Receiving response, XMX hydro- 
phone. 
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Chapter 2 
U. S. NAVY SONAR EQUIPMENTS 


kA! INTRODUCTION 


Cie EQUIPMENTS are the underwater eyes 


and ears of U. 5. Navy vessels. By their 
use the range and bearing of other vessels or 
of submerged objects can be determined. The 
presence and bearing of moving vessels oF 
other noise sources can be detected. Some equip- 


tients sean the ocean bottom and tell the 


depth of the water beneath the vessel. If so 
desired, these equipments will chart the con- 
tour of the bottom over which the vessel passes. 
Sonar equipments also permit underwater tele- 
graphic communication between vessels simi- 
larly equipped. | ; 

For security reazons supersonic frequencies 
(16 to $0 ke), rather than frequencies in the 
sonic range, are used for ranging, sounding, 
and telegraphing. A more directive projector 
beam pattern is obtainable et the higher fre- 


quencies, Listening equipments are designed — 
for vse In both the senic and the supersonic. 
_ frequency range. | 


The physical characteristics of the under- 
water gound devices which affect the opers- 
tional performance of sonar equipments have 
been outlined.'® ‘These pertinent characteris- 
ties wre determined for any sonar equipment 
alinout wholly by the transducer or projector, 
the associated electronic circuit being of lesser 
importance. Accordingly, the USRL calibre- 
tions of sonar equipments are usually confined 
to profectors and include cther apparatus only 
when special functions are involved. 

‘The quarts aandwich type “oscillator” was 
one of the firet projectors used in Great Britain 
for echo ranging. In this country the 19-in. 


spherical magnetostviction-type projector was 
developed. This projectur has the advantage of 


simplicity and ruggedness. Rochelle salt cryatal 


(JK) unite were used for listening. These units 


‘were in many casea combined with the magne- 


tostriction (QC) unit in the same spherical 
hoosing. 

‘The spherical projector, which is used wita- 
gut a dome, cannot be operated at ship speeds 


0 


greater than about 15 knots because of exces- 
sive noise produced by cavitation of the sur- 
rounding water. Ethylene glycol solution is 
used as an antifreeze liquid in this projector. 
Since this liquid causes considerable transmis- 
sion loss,“ present practice in sonar equipment 
design is te place the projectors ‘inside free- 
flooding streamlined domes, which have a 
higher cavitation point. Domes have now been 
devigned which have low transmission losses 
and do not seriously affect the projector beam 
patterns. The more recent projectors are, as a 
result, designed for maximum efficiency and 
optimum performance characteristics without 
regard to shape. 

The original JK-type projectors are made 
with X-cut Rochelle aalt crystals. Although 
these projectors are efficient over a wide fre- 


quency range, they are subject to variations 


with temperature avid are limited in the amount 
of power they will handle.” for these reasons, 


their use has been restricted mainly to listening 


systema, Recent advances in the design of pro- 


_jectore using ammonium dihydrogen pliosphate 
[ADP] crystals now make them suitable for 


use as echo-ranging transducers. This is made 
possible by the temperature independents and 


higher load carrying capacity of the ADP 


crystal. . > 
Model letters are used generally to ide..uiy 
sonar equipments with regard te Unale diter- 
ences and purposes of the aystems. The equip- 
ments now in service include the following:* 
Listentag equipmentse—J series. 
JK. Used in conjunction with @C rang- 
ing. < 
JN. Smail portable, nondirectionsl. 
IG and 3@. Use parabolic hydrophones; 


limited number only. 


Wg PAL. «Saks | ae” Oe 2 Se ee 


JP, Uses toroidal M/S hydrophone; JP-1 


uses line M/S hydrophone. 
JT. Improved JP system, uses 5-ft M/S 
Une hydrophonc. 


* Tu thie volume, M/S is the akbreviation for magneto- 
strigtion and B/S for Rechelle ssit. 
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ECHO-SOUNDING EQUIPMENTS—N SERIES 51 


Echo-soundiig equipments—N series. 

NJ. Range 200 fathoms, separate M/S 
projectors for transmitting and receiving, 
condenser-discharge type driver, 

NK. Range 200 ‘fathoms, two M/S pro- 
jectors in streamlined housing, condenser- 
discharge type driver. 

NM. Heavy-duty M/S type, range up to 
$,000 fathoms. 

Echo-ranging equipments—Q series, 

QB. R/S or ADP erystal projector, 
heavy-duty type. 

Qc. M/S projector, heavy-duty type. 
QG. M/S srojector, incerporates ail 
latest improvements. 

QJ. R/S or ADP projector, incorporates 
all latest improvements. 

Combination <anging, listening, and sound- 

ing-——-W series. 

WA. M/S projectors. 

WB. R/S or ADP projectors. 

We. M/S and R/S projectors, M/S 
sounding, 

WD. M/S and R/S or ADP projectors, 
R/S sounding. 

WE. M/S projectors, lightweight. 

The raajor units in sonar equipments are 
identified by letters and numbers, for example 
CBM 78188. The letters designate the manu- 
facturer (CBM = Submarine Signal Company) 
and the first two numerals the type of equip- 
ment. The last three numerals are assigned in 
the s-der the requests are received. 


28 LISTENING EQUIPMENTS—J SERIES 


Phe original J-series listening equipments 


- were ‘designed for use on submarines. The 


scope of this series has. been extended to cover 
equipments for use on smail-type picket boats, 
patrol ‘eraft, Coast Guard Reserve vessels, ete. 
Listening equipments passed through develop- 


ment stages from straight stethoscope tubes 
‘to the modern equipments consisting of trans- 
ducers, electronic amplifiers, and reproducing 


apparatus such ag recorders, loudspeakers, and 


’ Completa listings are given in Model Letters and 


Pype Numbere, Assignment to Naval Radio and Sound. 


Easement (RE 15A 1013). 


es 


headphones. The useful listening range has 
been extended to cover supersonic frequencies 
up to about 60 ke. Later type equipments are 
provided with indicating devices which show 
right or left deviation of the bearing of the 
transducer relative to the true bearing of the 
source producing the noise, These indicating 
devices are of various types, inciuding bearing 
deviation. indicator [BDY] circuits similar to 
those used in echo ranging, phase actuated 
locator [PAL] aystems for use on patrol craft, 
and right-left indicator [RLY] circuits which 
are used in the JT and WEA systems for aub- 
marines.* 
Calibrations of transducers used in some of 
the listening equipments for U.S. Navy vessels, 
and, in some cases, associated apparatus also, 
have been made by the USRL, References to 
these calibrations are contained in Sections 
2.7.1 to 2.7.6. 


23 CHO-SOUNDING EQUIPMENTS— 
N SERIES 


‘The function of echo-sounding equipments is 
to measure the depth of water. This is done by 
transmitting a. pulse of supersonic energy and 
noting the time required for the echo to return 
from the bottem of the ocean or from a sub- 
merged object as shown in Figure i. Asgum- 
ing the velocity of sound in water to be always 
the same, depth indicators can be calibrated 
directly in fathoms (1 fathom = 6 ft). The 
calibrations are usually based on a sound ve- 
locity of 4,800 fps. 

The pulse ig transmitted by a vrojector 
mounted in the hull of the ship near the keel 


line. The projector normally is mounted flush. 


with the outer surface of the hull, facing down- 
ward. The echo is received by the same pro- 


* AN the indicating circuits are based on the differ- 


ence in arrival time of sound at the two halves of a 


-eplit hydrophone. In the BDI-type circuit the signals 


fram the two halves of the By deaphione are combined so 
as to produce on the snveen of s cathode-ray oscilloscope 
a right or left deflection ef the electron beam corre- 
sponding to the deviation of the true hearing of. the 
target from the training: angle of the hydrophone. In 
the PAL and Ril-cireuits the deviation ts indicated 
by positive or negative current readings on = zero- 
esenter microammeter. 
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aes JP Sonar-Listening Equipment 


Type: ‘Magnetostriction. 

Designer: Columbia University, Division of War. Research, at the U. 5. 
Nevy Underwater Sound Laboratory, New London, Conn. (CUDWR-NLL 

Description: Several versions ef the Je equipment for submarines are 
in service: 

4. IP. P. The IP, es originally designed=« a teroidal magnetostr itive. 
type hydrophorie and was intended for uae on ‘slow-moving. “district erat, 
Coest Guard Reserve vessels, ete, Calibrations of the toroidal hydrophones 
ave given in Sections 6.6.1 to 6.6.6. 
aP-1. The JP-1 equipment mskea. use ofa 4-1 Hae M /3 hydrophone 
COG 81088 with a bafie to reduce rear resp USEL callbrations of the 
COG 51068 unit are given ia Section 6.6.2. 
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12, Directivity pattern, JQ hyarophone 
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Fiauee 18. Direetivity pattern, JQ hydrophone 


CBD 81062 at 24 ke. 


‘Fioumn 15, 3Q hydrophone CBD 61082. 


Si eee 


pres "Modi dified Ig Sonar-Lisientng Hydrophone (CBD 5 sues 


Type: ADP Crystal. 

Designer and M nufaeturer: Brash Development Company. 

Reference: NDRC Report No. 6.1-ar1180-1190, December 14, 1948.0 

Application? This. modified CBD 61052 unit is for use in the JQ listening 
ayaa, replacing the Rochelle salt type unit. 

_ Deseription: Thia sedrophone. consiate of an ADP crystal antt tbeated 
at the approximate foeal paint of a parabolic: vefiector.-A preamplifier 
couples the cryatal unit to the hydrophone. atpat terminals. This prea 
-plifier ig. ingtuded dn. these calibrations. — 

Measurements ou this device ware s made by USRL. 
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Snore 


i: JY Sonar-Listening Equipment 
Type: Magnetostriction. 


Designer: Colombia University, Division of War Research, at the 

U, 8. Navy Underwater Sound Laboratory, New Londen, Conn. 
Description: The IT equipment for submarines is an improved version 
3: of the FP-1 system. UGRL calibrations of the CQA 681074 (NL-124) 


hydrophone, which is the sound plekup unit used in this equipment, are’ 
contained In Section 6.6.3. | ai 
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+ igi NJ Sonar-Sounding Prajecier (CBM 78138) 
{Similar te CIP 78138) 


* 


Type: Magnetostriction. 

Designer and Manufacturer: Submarine Signal Company, Type No. 
7138c. 

deference: USRL Orlando Project No. 187, January 1946. 

Application: For_use_on medium and lightweight ships in NJ echo- 
sounding eqitipment for depths up to 200 fathoms, Its function ia te eon- 


vert shock impulses from a condenser-discharwe type driver to scoustic 


energy in the water. Tre projector is mounted near the keel of the ship 
with ite: diaphragm horizontal and in contact with the water. It is located 
adjacent to a similar type unit ( CBM 78189), which serves as the receiver. 

Description: The CBM 781988. projector is a magnetostrictive type con- 


slating of a rectangular lamineted nickel stack in a circular. housing 


partially Aled with oi}. The position of the nickel atack is adjustatle inside 
the projecter housing to allow the active radiating face to be located exactly 
horizontal at the time of its installation on the ship. The projector is 
inetallad with the arrow.on the back of the housing: coinciding with the 
shorter dimension of the nickel stack and at right sugles t the keel line 
of the ahip. Polarization for the projector i is furnished by the d-c component 
of the eondens er-discharge output of the driver unit. For sketch of device 
see Section 2.7.8. A directivity pattern for the CRM 78138 projector with 
886A driver, measured at peak pressure of pulse, is shown in Figure 20. 
Directivity index = approximately --12 db. Figure 21 gives an analysis of 


‘the sound field for the CBM 78188 projector with MaGA driver, The athe 


temperature = 68 7. 
Weight of Brajectar: - 410 Ib. 
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279 NM, NMA, NMB-2 Sonar-Sounding Projector (CBM 78067) 


Type: Magnetoatriction. 

Menufecturer: Sabmarine Signal Company, Type No. 768. 

Reference: USRL Orlando Project No. 187, January 1945. 

Application: The CBM 78067 projector is used in NM, NMA and 
NMB-2 echo-sounding equipments on submarines end large vessels to 
messure ocean depths up te 4,060 fathoms. Its function is to convert elec- 
trie pulses of approximately 18 ke to acoustic energy and then receive the 
echces returned from the ccean bottom or other reflecting aurfarce. 

Deseription: The CBM 78087 projector is a rectangular magnetostrictive- 
type unit with dimensions 1044x20 in. The projector is mounted by means 
ofa flange 14.8x23 in. on the back of the unit. The active driving elements 
ate nickel tubes which have one end imbedded in the rectangular steel 
diaphragm. A coil surrounds each nickel tube. These coils carry the d-c 
polarizing current (approximately 9.56 amp) and the pulaes of 18-ke driving 

current. 

impedsudée at resonance (18.8 ke): 96 + 4166 ohms. 

Efficiency at resonance: —10.0 db vs ideal. 


te GI ATRESIA OI EAS OOS HR a oct RA es bt Sen Bee A es I EI SE RON FRR LG pA AM DG SELIMIT, tne bm SI OE a 


CONFIDENTIAL 


SSRN pea weer cerum ramen ore RNA ee SAULT Beira acme itera 


4 

i 

i SONAR EQUIPMENTS 71 
' : 
‘ 
j 
} Lit CL TLinnnn_t TIN i 
| ar a CH mE | 
au + —s 4 Hin 4 m3 
i + - _ j | | — i H 
i ihe | til ime byt , I g 
| PI SEH Eo | 
: a LL it LTT i 
i 1 } ; j A 
i mae Se fet GP ‘ | # 
| HF ud | i matt | 
is =" HHH 

| og Eee | 
i | tf | a Ha é 
; ~ ereauency is xo! i 
i a 
i Fieure 80. Receiving response, CBM 78087 e 
i projector. Water temperature == 62 F. Q@ = 44, & 
Calculated threshold at 16.3 ke = —97 db va 1° 
i dyne/sq om. : 
Fisvas 28, Dircetivity patterns, CBM 72067 

} Selene at 18.5 ke, Divectivity index = ~—-20.8 
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impedance, CBB 78067 projector. 


Fioure 29. Transmitting reaponse, CEM 72067 
projector, Water teraperature = 62 F. Q@ = 37. Ficure 31. 
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Froure 32. Transmitting response, CRM 78016A 
projector. Water temperature = 63 F. Q = 45. 
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Ficuge 84. Receiving response, CBM T8016A 
projector. Water temperature = 63 F. Q = 41. 
Culevlated threshold at 18.7 ke = —-07 db va i 
dyne/sq em, 
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74 U.S. NAVY SONAR EQUIPMENTS 
: a NMB-1 Sonar-Sounding Projector (CRY 78133) 
Tupe: Magnetostriction. 


Designer and Manufacturer: RCA Victor Division of the Radio Corpora- 
tion of America, Type No. MI 8983. 

Reference: USRL Orlando Project No. 137, January 1945. 

Application: The CRV 78133 is used in the NMB-1 echo-sounding equip- 
ment for large A/S ships for measuring water depths up to 4,000 fathoms. 
Description: The CRV 78183 projector is a magnetostrictive type with 
i permanent magnets in a rectangular housing. The active driving elements 
i are 170 nickel tubes which have one end imbedded in the heavy rectangular 
steel plate serving as the diaphragm. The coil assembly in the projector 
consista of a series-parallel connection of identical eoilg over the nickel 
tubes. These coils carry the driving current actuating the projector. Polari- 
zation is produced by 20 permanent magnets in # structure mounted just 
above the nickel tubes, The cowiplete structure is filled with oil up to 1% in. 
from the top plate. Weight of projector: 276 Ib. 

Impedance at resonance (18.7 ke): 42.5 ++ 7154 ohms. 

Efficiency at resonance (18,7 ke): -—16.8 db va ideal. 
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Figuae 38, Transmitting response, CRV 78183 jector. Water temperature =: 62 PF, Caleulated ; f 
projector. Water temperature =<. 62 F. Q =: 17.8. threshold at 18.7 ke = —-86 db vs 1 dyne/sq em. y f 


Figur 41A. CRY 78138 projector, 
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Figume 418. CRY 78183 projectux, eorsponent 


Fisure 40. Impedance, CRV 78133 projector. parte. 
CONFIDENTIAL » 
é nan 
lied 3 
verona pe! Game HRT aRon a AS 
Dyan s--sanlegn nobis See Se OT Ne ET STOO ast etme Nes net 


6 4 ube _ 
Nb i tfc as eins eheY =D * 


# 


e 


ce a ergot ip Dn Ene RANA RCS ACI MOREA AES RAMBLER MRM wen er ES SA BN ARH tN 


76 


eaknae 


1, & NAVY SONAR EQUIPMENTS 
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a NMC Sonar-Seunding Projectors 
(CRY 78269 and CRV 78170) 


fype: Magnetostriction. 

Manufacturer: Radio Corporation of America, Type MI 16712A and 
MI 167128, 

Reference: NIVRC Report No. 6.1-sr1130-1985, January 16, 1945." 

Application: These projectors arc designed ior use in the NMC echo- 
sounding equipment for depths up te 2,000 fathoras. One of the projectors 
is for sounding in shallow water and the other for sounding in deep water. 
The function of the projector in the NMC equipment is to transmit a short 
pulse of 18-ke supersonic energy into the water and then receive the echo 
returned from the ocean bottom or from a reflecting surface. 

Deseription: The NMC projector is a magnetostrictive type consisting ef 
a heavy steel plate or diaphragm in a circular steel housing. Imbedded in 
this plate are 70 nickel tubes which act as driving elements. Above these 
tubes is mounted s permanent magnet. The ceil structure in the projector 
consiata of a series-paraile! connection of identical coile with one such coll 
fitting over each nickel tube. The CRV 78170 projector for deep water 
sounding is flied with CO, gas under 6 Ib per eq in. pressure. The CAV 
78169 projector for shallow water sounding is identical with the CRY 
78170, except that the CO, gas is replaced by ofl for damping. 

Efficiency at resonance (CRV 78169}: —14 db va ideal. 

Efficieney at resonance (CRV 78170) ; —10 db ve ideal. 
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Fieven 44, Receiving response, CRV 78169 and 
78170. Water temperature — 64 F, Q: CRY T8189 
c= 22, CRY T8176 == 48. Calculated threshold: 
ORV 78188 at 17.7 ke = —53 db ve 1 dyne/aq cm, 
ORY 78170 at 17.8 ke == —89 db vs 1 dyne/sq em. 


a if 
Fiavun 42. Divectivity patterns, ORV 78169 and aa ma 
78170. Divectivity index: CRV 78169 =: —15.8 *“Streise 
dk, CRV 78170 = —14.2 db. Leen 
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Fievan 48, Impedance, CRV 78169 and 78170, 
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Pigues 43. Transmitting reaponse, CRY 78169 c 
ang 78170. Water temperature = 64 F. G: CRY 
78169 =: 22, CHV 78i70 =: 47. Prigure 46. CRV 78169 or 78170 projector. ay 
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Piaure 49. Receiving response, CBM 78208 pro- 


‘Fieuns 48. Transmitting response, CBM 78203 jector. Water temperature = 63 F. Q == 33. ‘ 


projector. Water temperature =: 63 F, Q = 88, Calculated threshold at 18.4 ke = —86 db vs 1 j 
dyne/sq om, * 
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Fisuss 60. Impedance, CBM 78203 projector. Fiavuee 51. CBM 78203 projector. i 
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Brit WEB (WCA-2) Sonar-Sounding Projector (CBM 78214) 


Tepe: Magnetostriction. 

Designer ond Manufacturer: Submarine Signal Company, Type No. 947. 

Reference: NDRC Report No. 6.1-0r1180-1887, October 18, 1944.7! 

Application: The CBM 78214 projector is used for echo sounding in the 
WCA-2 and the WEB equipments for submarines. Its function is to convert 
electric pulses of approximately 24 ke to acoustic energy in the water and 
then receive the echoes returned from the ocean bottom or other reflecting 
surface. This projector is used in combination with the CBM 78212 echo- 
ranging and Hsetening unit in the WEB equipment and in combination with 
the CEM 78212 and CBM 78213 projectors in the WCA-2 equipment. 

Description: This anit is a magnetostrictive type consisting of a Iami- 
nated nickel stack in a rectangular housing. A steel plate % in. thick serves 
aa the diaphragm in contact with the water. After assembly the unit is 
filled with an inert gas under pressure of approximately 6 Ib per sq in, 

Efficiency at resonance: —11 db vs ideal. 


Figuagt $2. Directivity patterns, CBM 78214 
projector at 23.4 ke. Directivity index << —23.1 
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Fieune 54. Reeeiving response, CRM 78214 pro- 
jector. Water temperature = 8 F. O wt 23.4 ke 
= 82, at 168.7 ke = C1. Caleulnted threshold at 
23.4 ke =: -~86 db va i dyne/sq em. 


Figure 53. Transmitting response, CBM 78214 
projector. Water temperature =< 82 ¥, 
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; Fiaves 55. Impedance, CBE 78214 projector. Fiover 68. CRM 782.4 projector. 
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RT QHE, QBL-1 (TK-9) Sonar-Ranging Projector (CBM 78142) 


Tepe: X-Cut Rochelle Salt Crystal, 

Manufacturer: Submarine Signal Company, Type No. 865. 

Reference: NORC Report No. C4-ar20-115, June 26, 1942.° ‘ 

USRL Orlande Project No, 137, January 1945. 

Application: The CBM 78142 projector is used as the tranaducer in the 
éK-9 sound listening equipment to detect the presence of high-frequency 
underwater sound originating from propellers or ether moving machinery 

f veasels. It is also a major unit in the QBE and QRE-i equipments fer 
echo ranging and listening on small A/S shipe. The projector is heused in 
a torpedo-shaped, or fish-type, retractable dome. 

Deacription: The CBM 78142 projector is banjo-shaped, approximately 
13% in. in diameter by & in. deep. The active elements, consisting of K-cut 
Rochelle salt crystals, are mounted on « steel backing plaw. “he space 
between the erystals and the projector face ia filled with air-fres dehydrated 
castor oil. The crystals ave connected in parailel. Thia projector is not 
arranged for BDI. When thie type unit is eplit for BDY operation, it is 
eoded CBM 781424 {865A}. 

No transmitting reaponse on this device was taken by USRL, 

hifivienoy at 24 ke: —3.7 db va ideal. 
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Ficuez 59, Impedance, CBM 78142 projector. 
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Fioure 68. Receiving response, CBM 78142 pro- 
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Pisum 60. Directivity patterns, CBM TB1a2A 
projector. Dirertivity index: at 20 ke =: 21,2 
ab, at 24 ke == —22,5 dh, at 28 ke =<: ~-24.9 db) 
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Prauae 61, Transmitting reapones, CBM 78142A 
projector, Water temperature =: 62 F 
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Piguet 62, Receiving response, CRM 781424 
projector. Water temperature == 62 F, Celoulated 
threshold at 26 to 28 ke = —~103 db vs 1 dyne/aq 
em. 
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Fisors 68, Impedance, CBM 78148A profector. 


7 asin enyistrovmmentesstntnt i ia EN a a la a 
y ips 2 we eB =e 


56 U.S. NAVY SONAR EQUIPMENTS 


ee rnin 


a tab; 


A357 QBF Sonar-Ranging Projector (CW 78178) 


Type: 45° Y¥-Cut Rochelle Salt Crystal. 

Designer: Beli Telephone Laboratories, 

Manufacturer: Western Electric Company, Type No, D-163462. 

Reference: NDRC Report No. 6.1-8r1180-1634, July 8, 1944.°" 

Application: The CW 78178 unit is used as the projector in QBF, QJA, 
or QJB echwranging equipments for ranging on objects at distances up to 
16,000 yd. The CW 78178 projector is interchangeable with the CW 78207 
projector. 

Description: The active elements in the CW 74178 projector consist of 
45° Y-eut Rochelle salt ervyatala mounted on a ateel plate with resonators 
to sharpen the tuning. The projector is rectangular in shape and is intended 
fox une in a retyactable-iype dome. The active arez-in contact with the 
water is approximately 1014x3014 in. The CW 78178 is a four-wire 
projector split for BODY operation with the electrical connections te each 
hal? of the projector brought out aeparately. Weight: Approximately 200 Ib. 

Efficiency at 24 ke: —3.8 db vs ideal, 
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‘Fisuer 66. Receiving response, CW 78178 pro- 
jector. Connected parallel aiding, Water temper- 
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2.7.58 QEG Sonsr-Ranging Projector (CFF 78187) 


Tyne: 46° X-Cut Rochelle Salt Crystal. 

Manufacturer: Freed Radio Corporation. 

Reference: NDRC Report No, 6.1-sr20-941, July 21, 1943.5 

Application: The CFF 78187 projector is a major anit in the QBG 
echo-ranging equipment for landing craft. The unit is tikable and, when 
trained vertically downward, may be used for depth sounding. Im the 
Q@RG equipment the projector is shock-driven by a condenser-discharge 
type driver and operates in the 22 te 26 ke range. The projector is used for 
both tranamitting ard receiving. It is preteraliy mounted in a wall in the 
bont but may be hung over the side. This unit normally is used in a 
torpedo-shaped dome. _ 

Deserigion: This projector consists of a nurnber of 45° X-cut Recheie 
salt crystal unite 144x1x1l% in. mounted on a heavy plate. Cork spacers are 
inserted between the crystal units, The driver unit is designed to operate 
from one &v, 120-amp-hr storage battery with « genemotor or Vibropack, 
or it may be run from dry batteries. 

is fisieney at. 26 ke: —§ db va ideal. 
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ara Qe J9 Sonar-Ranging Projecior { CB uf 78183) 


Type: Magabinaiciarea 

Monufacturer: Submerine Signal Ghepeas: Type No. | SEO. 

Reference: (GRO Report No. 6.1-sr1i80-1196, danuary 4, 1944." 
YSRL Orlando Project Now 187, danuary 1946, 

Application: ‘The CBM FRIRR projector is 6 major unit. in the QCJ-9 
sonar equipmert ueed on Jorge A/S ships for echo Tanging on distant 
objects. The unit operates at 24 ke. It is used without; @ GgMIe. | 

Deseription: his projector i ig a Tagnetostrictive-type unit ina spherical 
housing Spproximetely ig ae in diameter. The active ‘elements. are a 
group of nickel tubes ati ed at one end to & circular stesi plate serving. 
as the disphragi. The niekel tubes are polarized by a d-c field and vibrate 
under the influence of a 24-ke Bald gupplied hy. the driver for transmitting: 
acoustic: pulses. into the waiter. The unit functions also aso receiver to 

% pulse echoes to electric energy. . 
kk fhetnlephierts staining. ster) cover fastens over the diaphragm and 
the cavity between the dlephregm and cover is filed with a ‘50 per ee eat 
golttion of uthyle  giycol: ‘gtd water, . 
A titer Junellon box, . through - which the. de polarizing - current: of 
a approximately % ‘amp is supplied, is included aS. an integral part of the 
“Projector 3 in there date, 
Bciency at b imomaice. (4 aie is dp v6 ideal. 


cum? one ‘pre. 
RSE art = 889 ab. 
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eee QCL Sonar-Ranging Projector (CRY 7808) 


- ‘Type: Magnetostriction. 
Manufacturer: Radio Corporation of America. Type No. Mn 5949-2, 
Reference: BTL Reports of March 18, 23, 27, 1942.00, «1. 2 
Applicaiion: Thia projector is a major unit in QCL and QCL-7 sonar 
equipments used on large A/S vessels for echo ranging on distant objects. 
Farly models of this projector were not arranged: for BDI This unit yt 
ates at 20 ke, in 
_ .& sieiler type projector with s noininal operation frequency of 24 ke 
fx code] CRY 78104 (MI 8648-1) and iz used tn QCI-2 and QU5-5 ‘equip 
ments, When both the @CL and the QC] equipmeuts are installed on the 
samme veesel, the QOL (20 he) fe ase is normally ioetal fed on the i 
side sod tig (2h xe) . board : 


ad ee this uate are. 319 eiaiet bs oan which sack Wh ae 
Sevan In this unit the nickel tubes and diaphragm: are 
alta ‘feaed to Pia ig at approximately 20 ke. ‘The ¢ co si a naldee 


‘aopreinataiy 7 are? ond the ghsreuo & iving. ng carrets, Te 
covered by 5, bomen 
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20.5 ke =| —95 db ve 


FREQUENCY HERG. 
Receiving response, 
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2.7.88 OCLs Sonar Resging Projector (€ BM 78182 ) 


Type: Mnignetoetriction. 
Manufacturer: Submarine Signal Company, Type No. 550V. 

Reference: USRL Orlands Project No. 157, January 1945. 

Application: The CBM 78182 projector is used in the QCL-8 echo-rang- 
ing equipment for large 4/S ships. The projector is used without a dome. 

Description: The CBM 78182 ia a 19-in. diameter epherical-shaped 
magnetostriction transducer. The active elements consist of nicke! tubes 
attached at one end to a civéylar steel plate serving as the diaphragm. 
‘The iubes are polarized by direct current Sowing through coils surround- 
ing thom. A total magnetining current of from 7 to 8 amp is required. 
Thaee same coils carry the pulses of 20-ke energy ‘supplied by the driver. 
The unit is diametrically tapered, that is, the tubes close to the vertical 
diameter ate driven at higher amplitudes than those farther away. This 
projector ie spilt for BDI operation ; otherwise it fa similar to the CBM 
7Tan08 (BSOM). 

A hemispherical steel cover fastens over the Heciner” and the arity 


between diaphragm and cover is find with a 60 ver cont solution of 


ethylene glycol and water. 
Bificiency at resonance: — —18 db ve iden), 


east beets es coy 


Provan 01,  Dieestivity pattern, CRM 78162 pro- 
jector ot 20.5 ke. Connested parallel aiding. "DL 
yectivity Index cc 21.2 db, 
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Ficurm 108. Receiving response, CRM 76184 
projector, R/S unit, Water temperature == 61 F. 
Caleulated threshold at 24 ke = ~-103.8 db ve i 
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120 U. 3. NAVY SONAR EQUIPMENTS 
— OGE Sonar-Ranging Projector (CRY 78210) 


Syue: Magznetostriction. 

Manufacturer: RCA Vietor Division of the Radio Corporation of 
America, Type No. MI 16727-3. 

Reference: NORC Report No. 6.1-sr1180-1985, January 16, 1945.7 

Application: This projector fa normally used in the QGB sonar ranging 
equipment for large A/S ships mounted in a retractable-typ> dome. This 
unit is arranged for BDI operation. 

Deacription: The CRY 78216 projector is a magnetostciction unfit with 
permanent magnet polarization, Series-aplit connections to the two halves 
of the projector are provided for BDI operation. The projector ia designed 
te operate from a tranemitting source of 100 chme ai 400 w electric 
power inpet ~~ 

Four types of the ~GB projector, differing only in frequency of reso- 
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; mance, are supplied. These types are designated as: 

i Pregucney U.S, Nevp No. fig. Me. Bieutoment 
‘ #0 ke ‘CRY 78208 ME 16727-4 GOR 

; 22 he CRY 7az00 MI 1e727-1 GB 

» GA ke CRY TEB1G Mi 167S7-3 eGEe 

: 6 ke ORY Teei1 BE 1O7e7-2 os 

i Efficiency: CRY 78210 projector at resonance: —€.6 db vs ideal. 
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2.9.88 ors Souar-Ranging Projector (CW 78207 } 


Tyne: ADP Crystal. 

Designer: Bell Telephone Laboratories. 

Manufacturer: Western Electric Company, Type No. D-166471. 

Reference: NDRC Report No. 6.1-sr1130-1988, January 16, 1946." 

Application: This CW 78207 anit is used as the projector in QBF and 
in QJA ocho-ranging equipments for ranging on objects at distances up 
to 10,000 yd. The CW 79207 and the CW 78178 projectors are inter- 
changeahic. =; 

Deseription: The CW 78207 projector is similar to the CW 78178, 
except that the active elements in the CW 78767 unit consist of ADP 
crystals ingtead of Y-cut Rochelle salt crystals. In external appearance 
it is Identical with the GBF (CW 78178) projector. 
| Efficiency at 24 ke: —4.0 db ve ideal. 
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Fycwe 180. Directivity pattern, CW 78207 pro- 


{ 


ATS 
HESS 


AEA 


jector at 24 tte, Connected 


parallel siding. Di 
rectivity iadeg = 22,6. db, 


ay iat 
GE G2 
ES Bees ie ws 
4 mies i 
z a i ee Tt 
g Pe SS | a 
: AC 
Bg Foal i || 
tion 
G8 a a + Yo hi ati 
| RT a 
Go ae eS a es 
] Sent linen naiin 
| EE F 


FREQUENCY 8 
Fiouur 181. Transmitting response, CW 78207 
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Fiever 182 Heeciving response, OW T8207 pro- 
jector. Connected parallel siding. Water temper- 
ature = 60 F, Calealated threshold at 24 ke <= 
~—JOLE db ve 1 dyne/aq em, 


SRAGUENOT i KD 


projector, Connected parallel siding. Weter Piovmes 188. Trapedsnce, CW 78207 projector. 
temperature on $0 F. Connected paraltsi aiding. 
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U. 8. NAVY SONAR EQUIPMENTS 


#286 WCA-1 Senar-Ranging Projector (CBM 73153) 


Type; Combination Magnetostriction and Rochelle Salt Crystal. 

Manufacturer: Submerine Signal Company, Type No. 758H. 

Reference: USRL Oriando Project No. 187, January 1945. 

Application: The CBM 78158 projector consists of 2 magnetostriction 
(QC) unit and a Kovhelie salt (JK) unit in a spherical housing. It is one 
of three projectors used in the WCA and WCA-1 equipments for sub- 
marines, These two equipments differ only in the voltage of the d-c power 
aupply, The CBM 78188 projector is mounted on the port side of the ship. 
‘The magnetostriction or QC unit of this projector is used for echo ranging 
at 24 ke, and the Rechelle salt or JK unit is used for supersonic listening. 
A second QB-type Rochelle eslt crystal projector, CBM 78164 (788.3), 
is mounted on the starboard side of the ship and may be used for echo 
ranging at any frequency in the range 14 to 82 ke. A third projector, CEM 
78185 (7627), is mounted on the bottom of tho hull and is used for depth 
sounding at 24 ke. ‘The ranging equipment can be used for telegraphic 
communication between vessela similarly equipped. 

Deseription: The CBM TBiG8 combination projector consists of a 
magnetostriction unit and a Pochelle salt unit mounted back to beck on a 
commen frame. With hettiapwerical covers the projector is spherical in 
shape and 1% in. in diameter. 

The M/S unit conaists of a wroun of nickel tubes firmly imbedded in a 
steel diaphragm. The nickel tabes and diaphragm are designed to resonate 
at about 24 ke, Each tube is aurrounded by a coll through which flows the 
d-¢ polarizing current and the pulees of 84 ke supplied by the driver. A 
total polarizing current of approximetely 7.8 amp is required. The unit 
is not arranged for BD! A hemispherical stainless steel shell ia fastened 
over the dlaphragra and the cavity is filed with a 60 per cent mixture of 
ethylene giveot and waiter. 

The B/S anit hoes number of X-cut Rochelle. salt crystale siounted y on & 


steel backing plate. The opposite faces of the crystala are in one plane and 
form the sound receiving surface. A hemispheriea! rubber ehell encloses 


the erystels, and the cavity between the erystals and the shell is filled 
with alr-free caster oil, 
impedence: M/S unit at resonance: 98 -- 7148 chme. 
B/S unit at #4 ke: 46 -—~ J148 ohms, 
Ewinensys MS unit st rescuancer 13.0 db ve ideal, 
R/S unit at 24 ke: 2.0 4b ve ideal, — 
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#798 WCA.2 WEB Soner-Ranging Projector (CBM 78212) 


Type: Combination Magnetostriction and Rochelle Salt Crystal. 

Designer and Manufacturer: Submarine Signal Company, Type No. 948. 

Reference; USRL Orlando Project No, 187, January 1945. - 

Application: The CEM 78212 projector, consisting of a magnetostric- 
tion unit and a Rochelle galt unit in one housing, is used for echo ranging, 
telegraphic comraunication, end for listening in the WCA-2 and WEB 
equipments for aubuiarines. This projector is. ai Bi combination with 
the CBM 78214 sounding projector in the WE ipment and in com- 
bination with the CBM 78213 R/S bic oR rte Pchattor and the CBM 
78214 sounding projector in the WCA-2 equipment, 

Description: The CBM 78212 projector is a combination magnetostric- 
ton unit and & Rochelle salt unit in a-spherical housing. The diameter is 
approximately 19 in. 

The magnetostiiction echo-ranging unit consists of s. group of nickel 
tubes which are attached. at one end to the circular steel plate serving 
as the diaphragm. The nickel tubes and diaphragm are tuned to resonate 
at approximately 24 ke, The coil structure consiats of a series-parailel 
arrangement of identical coils, with one eol autrousding each tube, The 
colle carry the 24-ke driving. current. The unit contains a permanent 
magnet and ia paralleleplit for BDI operation. The diaphragm is cov- 
ered by a hornispherical shell of stainless steel. The epaes between the 
diaphragm and cover is free-flooded. 

The Rochelle salt Hetening unit conglate of a group of K-out: Rochelle 
salt eryatal blocks mounted on a steel basking plate. The crystals are en- 


closed by a hemispherical rubber cover, and the space between the crystals 


and cover ig filled with sir-free castor oil. - 
Efficiency: ‘M/S unit at resonances 10,0 ab. ve ideal. 
R/S unit at 24 ke: 2.1 db ve ideal, 
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Fiover i7i. Recelving reaponse, CBM 8218 
projector, Water temperature =< 64 F. Caleulnted 
threshold at 24 ke =: —-106 db vs 1 dyne/aq em, 


Ficurs 169, Directivity pattirn, CBM 78218 
projector st £4 ke. Directivity index =: —24.2 dh. 


; a ee 2 ; é 4 
Figure 170. Transmitting response, CBM 78213 Sea a ee 2 = 
projector. Water temperature = 64 F, Piven 172. Impedance, CBM 78218 projector. 
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LiL Frau 177A, CRY 78151 projector, 
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‘Fevm i Recaiving remo, a mig 
projector, Water persture =: cot 
Calculated threshold at £6.65 ke == 07 db va 3 
dyne/sq cm. ~ 
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Praver 176. impedance, CRY 78151 projector. 
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: : U.S. NAVY SONAR EQUIPMENTS 
are WEAZ SonerRanging Projector (CBM 78156) 


Type: Combination Magnetostriction and. Rochelic Salt Crystal. 

Designer and Manufacturer: Submarine Signal Company, Type No. 685. 

Reference: NDRC Report No, O4-er80-206, November 16, 1942,** 

Application: The CBM 7816 projector is a wiejor unit in the WEA-2 
equipment for ranging, listening, and sounding on sthall A/S vedsels. 
Sounding is secotpliched in this equipment with the projector in combina- 
ticn with a 43° baile in the tail section of the WEA? torpedo-shaped 
dome te direct the acoustic pulaes downward. 

Desesiption: Thr: CRM 1816e projector is a combination magnebosiric- 
tien and. Rochelle ae exyatal unit In a benfosheped hotsing 14 in.in 
disineler. The magne! ction, or QC, face has an effective diameter of 
shout 121% In. at ite, aia: operating frequency of 24 ke. It requiree a 
ae current of 3 amp. The recommended maximum a-<c input voltage 

iz 200 v. The d-c resistence of the windings is about 20 ohms. _ 

The cerstal, or JB, face of the projector has an effective diameter of 
about Fl in. The reeammended maximum input voltage is 100 v, 100 w, 
and for intermittent use 146 v, 146 w. 

Sinpedance at 24 ke: ‘M/S anit: 382 + 7451 ohms. 

B/S unit: 85.9 —~ (18.8 ohme. 

Efficiency at 24 ke: M/S unit: —115 db vs ideal. 

R/S anit: 3 ab ve Keni. 
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27.39 BTL OB-Type ADP Projector 


Type: ADP Cryatal, 

Designer and Manufacturer: Bell Telephone Laboratories. 

Reference: NDRC Report No. 6.1-8r1130-2181, February 1, 1948.7" 

Applicetion: The QB-type ADP crystal projector was produced as an 
engineering model to serve as the bottom-side unit in the WFA-1 sonar 
equipment for submarines, The unit is intended for use both as an echo- 
ranging end as a listening transducer at. supersonic frequencies, 

Description: This projector is a modification of and is similar in external 
appearance to the 19-in. spherical QB-type projector. The active elements 
in this unit are ADP crystals. This projector is a four-wire unit eplit 
electrically for BDI or PAL operation. 

Hfficieney at 25 ke: —3.6 db vs ideal. 
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Figuse 185, Reeelving response, BTL OB-type 
ADP projector. Connected parallel eiding. Water 
temperature <= 61 FL Calculated threshold at 25 
ke == —105 db vs 1 dyne/aq em. 
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Figure 162. Directivity patterns, BTL QB-type 


ADP projector. Directivity index: at 20 ke =: 
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2.748 NRL ADP Projector ¥-5 


Type: ADP Crystal. 

Designer: Naval Research Laboratory. 

Reference: NDRC Report No. §.t-ar1190-1888, January 25, 1945." 

Applicution: The X-5 projector ia an experimental model embracing a 
modification of the QBIK type 19-in, spherical projector. The active 4 


iss, 3 ™ ae 
NE SRI OLN RM 


elements are ADP crystals instead of x-cut Rochelle salt crystala as used ¥ 
in the JE projector. & 

Description: The active elemente of the K-5 prejector consist of Y4-in. : 
wide strips of ADP crystals mounted on a steel plate. Fifty of these strips < 
are mounted on cach half of the diaphragm, and the two haives are 


separated by a cork strip, Electric eonnectiona are brought out from 
each half of the projector separately to adapt it for BDI. The projector is 
mounted in a standard JK spherical housing. The hemispherical window 
is made of sound-transparent rubber i in. thick; and the space behind is 
filled with six-free castor oi]. _ 

Efficiency at 24 ke: —2.4 db vs ideal. é / 
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Fioune 187. Directivity patterns, NBL ADP 
Pe X-8, Divectivity index ab 24 ke =: 20 
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Figuer 194, Receiving responses, NRL ADP pro- 

jector X-G. Connected paralte! siding, Water 

temperature =< 87 F. Oalewluied threshold at 24 
et om db ve 1 dyne/aq emt. 
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Ps __Divectivity patterns, NBL ADP 
projector X-6. Directivity index at 24 ke = —24.3 
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Finine 193. impedance, NRL ADP projector 
X-6, Connected parallel aiding. 
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£744 Submarine Signal QB-Type ADP Crystal Projector SK 5982 


Type: ADP Crystal eats 2g 
Designer snd Manufacturer: Submarine Signal Company. 
Reference: NDEC Report No. 6.1-sr1190-1191, December 15, 1948. 

Application: This projecter ig an experimental unit designed for echo 

ranging and listening at supersonic frequencies. , 
 Peacripiion: The SK 8982 projector iz similer to the JH spherical pro- 
_ jadter except that ADP erystsis are used instand of Rochelle salt eryatals. 

The unit is aplit vertically for BDI operation, : 

EGetency at 80 ke: —4.0 db va ideal. 
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‘Peaties B06. Reeeiving . response, _ Submarine. 
Signa! @B.type ADP. erystal projector SK 5982. 
Conpected parallel aiding, Water temperature =: 
43 P, Cglealated threshold at 80 ke <= —87 db va 
1 dyne/sq om, 
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a1 “Poothall-Type” WRAL Topside T pases 


Type: ADP Crystal. 
Designer and Manufacturer: Gell Telephone [ pbistigtaicen: Type No. 


HITT, 

Reference: NDRC ‘Report No. 6. 1-er bi 90-2258, June. 26, 49468, t9 
. Application: “The “foothall-type” tvanmdacer wae ‘produced. as am. engl 
neering model to zerve as the topside unit in the WFA-1 sonar éqkipment 
for aubmarines. The unit is intended for both echo ranging snd. listening 
at supersonic frequencies and for Ustening tm the sonic range. 

Description: The attive elements of this traneducer consist of ADP 
evystals. ‘The transdecer in made up of separate sections. The sonic. 
Istening elements are ‘twenty-four Ixixid fa. crystals encased ins | 
evlindrical mata! housing. These. crystals are tuned ‘by the: ad aud ute 
ness of the etd plates of the cylindrical housing. . 

The section of the treasduccr designed for echo: ‘sariging apd Hetening 
at aupersonie feequencios conelsts of a group of crystal ble a i : OR 
0.696.08 in. ‘yorunted on a steal pinte.- "Phe erystale in this groap 
by resonators which ere aa integral part of the mounting p 
_ e@lentric conmeetions are provided to the. nilddie two hor 
cryatala in this group. These crystals comprise the maintenance of close 
contact EMCO) section. Thie grouping is designed to produce a. Deo 
| vertleal wena Aries and « sharp. norizontal bese pattern. gues 

exyetals may be comnected atlal fox - Matening i in the. 
a halves ofall sections of the treneducer are brought 
p adal ih bia for. tise in BDI or in Ay 
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erate RPI NELLA LLL OIA AEST AE DA LOE ILO ALLELE LENA Se ceennasiens * 


ty Se Bervard Sword Atim Depth Angle Tranedacer 


Type: Magnetostriction, | 

Designer: Marvard University Underwater Sound Laboratory. 

Reference: NDRC Report No. 6.1-sri190-1826, August 26, 1944.7 

Application: This tranaducer is an experimental yinit intended for use 
in determining the range and depth of underwater objects such ra sub- 
marines. =a. ye ERDF : Pee, 
 Deseription: The sword arm depth angle traneaducer consists of 32 per-. 
manent-magnet polarized siacks of annealed nickel mounted in a bronse 
casting. ‘The lanisated stacks are Cycle-Welded to the rubber nosepiece. 
"The traneducer is intended to be mounted vertically, and the housing is 
wtvesenlined, Shading to reduce the height of the side iohes iz accom- 
plished by the number of turns of wire on the stacks, those stacks located 
sear the smtddile of the transducer heving more turns than the stacks 
located farther away. The trensducer la apt for BDI operation. . 

Bxcicney; —4.7 db ve ideal. Vee coy 


Fiquae 217. SDE patterns, Harvard sword arm 


“Prewme S18, Divestivity patterns, Harvard depth angle transdt cer at 66 kre. Electrical phase 
aword arm depth angle traneduser at 60 ke. shift == 60°. Peet Rete rs 
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22.87 HP.4 Laminated Stack Tre “sdueer 


Tupe> Magnetostriction. 
Designer: Harvard University Underwater Sound Laboratory. 
Reference: NDRC Report Ne. 6.1-ar1130-1826, August 26, 1944." 2 laa 
Appleution: The HP-4 transducer ie an experimental unit i 
Description: The HP-4 twensducer consists of a consolidated stack of 
“annealed laminations with permanent, sintered oxide magnet. The lamina~ 
tiens are Cycle-Welded te the inaide of a rectangular face 214422%% in. 4. 
pelo sheet-metal housing fits over the motor unit. The housing is ned with 
M4 air-uealed neoprene, and a rubber sealing tape is employed te fasten the 


x 


housing to the moler whit. 
Efficieney: —47% db ve ideal. 
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.  Faeuns 228, Dinectivity patterns, HP-4 tami Sp ate uote eeaiea asia: i 
© Muted stack transiwesr et. 27 he, Direettvity Provre 264, Directivity patterns, HP-4 lame 
tdex = 98 db, ; ate tacks tranadueer at BBS ke. 
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Chapter 3 
DORES 


GENERAL DISCUSSION of the use and the 
, acoustic design of domes has been given.” 


Te will be recalled here that, in general, a 


stronralined’ dow in neccesary for an ne 


ranging or iisteging devier in order to minimize 


the noise caused Uy its passage through the 
Nice and the resiltant turbulence and cavite- 

tion abet itu netive face. The detne, of course, 
ahould be af optimum hydrodynamic shape; 


mechanically, it should heave sufficient. strength 
"bution has the effect of increasing the value of 


to rvesiat pressure and drag, sud should be 
constructed of a noncoriosive ses-reristant ma- 
terin!, Finally, the dome should be acoustically 
transparent, eatielng aa little disturbance as 
pomible in the response and direetivity of the 
enclosed ecoustie device. 


To be acoustically tranupsrent, the dome 


mut fulfl the following. two main require- 
ments, 
1. Tt miist have a omall tranarnlaston loas,® 
2. Tt must not intreduce large specular re- 


‘fiection alde lobex into the directivity pattern 


af the enclorad traneducer, 


‘In gdditien, the dotre should not distert the 


enclosed tranedieer's directivity. pattern by 
muftisle reflections, eg. appreciably raise its 
rear response, nor should. it appreciably alter 
the width of the traisdacer’s main lobe or In- 


crease the magnitude of the gide lohee already 
present in the directivity pattern, Finally, in- 
ternal refierttona from the dome should not 
greatiy alter the iransducer’s radiation imped 
saves. Allof these Inet effects axe, however, quite. 


areal is neern,. well-designed dines. 


ie verious acowetles? disturbances intro-. 
duced ty domes, euch we specular refestions 


aval transrlesion Ineeen, are, of course, Inter- 


related. In general, a dome whieh introduces 
eutall epeculer reflections slua causa small. 


traminitesion lores, Moveover, beoaune the 
change in the tvetsdoner’s tadiation impedance 


Ye staal, ite total power output is unaffected by 


“Tee ate. Biivision a5 Volume 38, Chapter 9%, and the 


 teferances quote! thevein. 


Sf hke trememiesion Jaen gtres the Fedlietion ta the 
magnltede of Gig aXxia yeeponse of a tranaducer ‘Upth 
deme saclogare. 


a seas CONFIDENTIAL 


enclosing it within a dome; also, “true absorp- 
tion” of sound within the dome wall is negli. 
gible for metal Eee Br a consequence, the 


from the Lopinging: ‘eau ber aN ‘a 
which constitutes the tranpmission loss, is *e- 
distributed in directions other than the original 
direction of incidence; in particular, the. Mejor. 
portion of this energy is concentrated in the 
direction of specular reflection.’ This rediatri- 


the directivity index; it can be shown thats? 


Tranemisaion loss in db =: db change in trans- 
ducer directivity index introdsced by the. dome. 


Expressions have been obtained theoretically, 
and generally verified experimentally, for ihe 
wagnitudes of both the transmission lose and — 
the speculer reflection induced by a dome of 
given material, wall thickness, and dimensions 


on an enclosed transducer of given frequency, 25 


directivity, and position within the dome. 
These exprossions indleste thet the iranamie- 
sion loss of @ dome depends only on the thick. 

ness and density of the dome wall and on the 
frequency’, increasing as any of theue quantities 


increase. On the other hand, the apecular re 


flection, in addition to increasing with inereas- 
ing dome-well thickness and. density and with 
the frequency, alec depends on the hovigoutal 
and, ‘particularly, the vertical curvature of the 
dome wall and on the directivity and location 
af the enelosed tranedacer. The specular re- 
flection is greatly miniiwd by iiereasing the 
vertical dome-wali curvature: thus torpedo- 


shaped domes with a large vertical as well as 


a toderate horizontal curvature give much. 


atvatler specular reflections than. etraightsided 


domes of the same wall thickness and density 
but pospensiing horfsontal barvature only. 


The ‘magnitiede of the additional vide tohscn Satay 
duced by the dome inte the directivity pattern, eg. the 
gaaiad jonel résg vesponne, leo ineronses as oe: trane: ‘. 
migaton loss inereneea, ; 

tSee STR Division 8, Volume Ww, Chapter-2, 


* Sou Table 1 and Figures 12 to 44; aloo STR Division 


é, Volume 1p, ee %, 


Se ae ee 


ce Sins Pr Reweene 728 2 nee 


(. "See Table 2. 
| rid structure. 


DOMES | 161 
aan naa eneinemmemeimeneneie memes = Ee 


Since beth the transmission and specular re- of filling, and mode of suspension. The acoustic 
flection decrease with the dome-wall thickness properties of the domes obtained from USRL 
and density, dome design has tended to employ calibrations, and summarized in terms of their 
wall materiale ag thin anc as light as possible, “transmission loss and specular reflection at 
consistent with sufficient mechanical strength specified angles and frequéncias, are also given. 
and general seaworthiness. Thus, while most It is seen that the transmission loas, which 
dome walls or “acoustic windows” Have thus depends only on the wall thickness and density 
far been constructed from corrosion-reeisting and on the frequency, is in general emall, par- 
steel, other materials, namely, aluminum, veri- ticularly for the 0.020-in; to 0,030-in, domes, 
ous plastics, and stiff rubber strengthened me- Specular reflection, which depends on the wall 
chanically by an expanded metel-grid struc- thiekness, wall material, and frequency, is also 

_ tare, have all been used experimentally.‘ strongly affected by the horizontal and, par- 

The first two of these materials are excellent ticularly, vertical curvature of the walls. The 
acoustically; however, their seaworthiness is terpede-shaped, vertically-curved domes, even 
questionable. Although it is claimed that alu- though equipped with walle much thicker than 
minum corrodes easily in sea water, proper the ucoustic windows of the straight-aided 
treatment of the metal may render it salt- domes (for example, ORF: 0.026 in, vs @CU-1: 
water resistant."* Plastics are subject to aging 0.050 in,) have, nevertheless, comparable and 
and temperature effects. Stiff rubber is acousti. often anigiler specular reflections. The numeri. 
cally but little inferior to standerd 0.000-in. eal values of the transmission losa and specular 
steel,’ and is probably preferable frori the réflection of all these domex: are in general 
standpoint of seaworthiaess, 7 agreement with theoretical expectations.’ 
in the attempt to schisve minimum dome» “Figures 1 te 11 are photographs and: di. 
wall or scoustic window thickness consistent agrams ef several representative and moat 

with mechanical strength, it has been found widely used domes Usted in Table 1 (photo- 


|“ Bossible, in straight-sided domes at least, to use graphs of QGA, QBF, @CU-1; diagrams of 


quite thin wells (0.020 in. to 0.080 in.) sup. QGA, QRK, British, WEA-1, @CU-1, ec 
ported by an expanded metal-grid structure” spherical). These photographs and dingrama 
Such an arrangement is acoustically preferable show detaiis of the mothanical construction and 
to using thicker wails. The acoustic window layout of the domes, for example, acoustic 
may aleo be reinforced by: aluminum ribs (Brite window wall, expanded metal-grid strecture, 
ish design, sed Figure 10), o& orrugsted sheet. pcaltion of reinforcing vibe, position of pro. 


_ construction imay be used. The lattert has the jector and bafle! Explanatory captions are 
additional virtue of decreasing the magnitude - inchuded, 


of the specular reflection (hough nob of the Figures 12 to 44 show ‘directivity patterns 
transmission loss) to values smaller than those | of the bare ‘projector and of the eaclosed pro- 


obteined with a nioncorragated wall of the same  jectors with 6, 30, 45, and 60 de rete. hetween 
thickness.“ Finally, torpedo domes, because of the projector and dome axes. Patterna are 
their shape, have greater mechanical strength given for the QCU-1, QCU-2, and WHA-1 tor 
for a given thickness than straight-cided tomes, pedo-shaped, and the QBF, &4in. end QGA 
‘Table 1 vefers to representative domes ot straight-sided domes. The patterns are obtained 
present in use in the U.S, Navy for housing by keeping thé angle between projector and 


echo-ranging projectors, as well as to seversl doime axis fixed, and rotating both simultene- 
_ experimental models. The domes are elasaified 7 ; : 


Ties GFR Division &, Volume 19, Chapter 9. 


 aeeording. to hape, longest dimension, wall — iho battles used in domes to abield. tha projector 
(acoustic window) material and thickness, type from propeller noise Gee BTR Division 6, Volume 19, 


‘Chapter 8) are shown in. Piguves @ and 8-¢er the ie 
and QGA domes, Thess hailies conelet of a refecting 
steel plate (ax 34 in. thick} facing che aerews. attached 
vie ae as ed ; _ to & wine mesh castor off ebeorbing assembly (ex 3 in. 
~* See Pigeras 2 and 3 for photographs showing the thick), with a front rubber cover acting ta sbeorh ‘any 
#e cS Sapa es Sarit stray sound from tke dome nose. 3 - 
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Piguae 25, Receiving directivity pattern: in 30- 


in Tea, ee ee oP win mil stainless steel WEA-i dome, Unit at 30° with 
Ped pele WS AGHA eI: Projeltel atid: Ghine rotated respect to dome axis, Projector and dome rotated 
together. together, 
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Fieve 24. Reeeiving directivity pattern: in $0- Fisuse 26, Receiving direetivity pattern: in 30- 
mil stalnless ates] WEA-1 dorae. Urtt at 0° with yall stainless steel WEA-1 dome, Unit at 40° with 
respect to dome axis, Projector and dome rotated respect to dome uxis. Projector and dome rotated 
together. sogether. 
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Fiovrnze 81. Receiving directivit attern: in ; “a 2 
BF dove, pee hin O° with ieee ‘. ae Ficurs 33. Receiving directivity patterns in : 
axis. Projector and dome rotated together. GEF dome. Projector at 45° with respect to dome 4 
axis. Projector and dome rotated together, ; 
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Pe Fraueg 34. Receiving directivity pattern, 5.Q8. i 
Piotsm 02. Reesiving directivity pattern: in SS projector at 25 ke without dome. Other be 
AGB deme, Projector at 36° with respect to dome patterns for thie unit snd freqaency in Figures i 
axis, Projector and dome rotated together, 5-37. ign ¥ 
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Froure 36. Receiving directivity pattern: in 30- Figure 37, Receiving directivity pattern, QGA 

mail S4-in, dome No. 882. Projector at 0” with transducer O4411A at 14.72 ke without dome. 

respect to dome ax'z, Projector aad dome rotated Other patterns for thia unit and frequency in 

together. Figures 38-40, | 


Fiewas 86. Recoiving directivity pattern: in 30- Fievee 28. Receiving ‘directivity pattern: in 
mil Sain. dome No, 882. Projectes at 46° with 100-in, GGA dome. Transducer at 30° with respect 
restett ts dome asia, Projector and dome rotated to dome axis. Pransducer and dome rotated te- 
ongether. gether. 
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Ficvae 39. Receiving directivity pattern: in 
iG-in, QGA dome. Transducer at 36° with re- 
spect to dome axis. Transdueer and dome rotated 
together, 


Fievse 40. Receiving directivity pattern: in 
100-in. QGA dome. Transducer at 457 with reapeet 
to dome axis, Transdaeer and dome rotated to- 
gether. 
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Figure 41, Receiving directivity pattern, QGA 
transducer 94211A at 20.47 ke without dome. 
Other patterns for this unit and frequency in 
Figures 42-44, 
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Fiaurs 42. Receiving diteetivity pattern: in 
190-in, @GA dome, Transducer at 0° with respect 
to dome axis. Transducer and dome rotated to- 
gether. 


CONFIDENTIAL 


Se ee oe 


oe 


FRESUENGY ME 


Fievme 45. Tranatoission less of 100-in. QGA 
dome versus frequency. 
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Fuccme @3. Beseiving “ direstivite pattern: in r Z io 
1O0-ie, QA dome. Tranaducer at 30° with respect SEaEee ns 
te dase exis. Transducer and dor rotated to- 3 bed. nonbo a 
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Froume 47. Transmission loss of QCU-2 terpeds 


% : dome woreus frequency. 
Pram 44. Receiving “directivity patiern: in 
{00-in. {KIA deme. Trnneducer at 40° with re- 
xpert te dome esis. Tranedecer and dome rotated 
together. 
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jector response due to ORF dome. Used as a 


hydrophone at 24 ke. Dome roteted. Unit fixed at 
S° with reference to sound source, 
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Bigune 49. Measured attenuation of WEA-1 
projector response due to 38-mil shiuminum deme. 
Used as a hydrophone at 24.5 ke. Dome rotated, 
Unit fixed at 0° with reference to sound source. 
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| 

Type: Quartz Crystals between Steel Plates. j 
Reference: NDRC Report No. 6.1-ar20-606, March 4, 1943.:¢° i 


Use: Echo ranging. 

Description: The Asdic Oscillator A/S 96 (equivalent te A/S 95), Pat- 
tern No. 1206, consists of disk quartz between steel face plates, The reso- 
nance of the oscillator is determined by the thickness of the steel face 
plates in conjunction with the stiffness of the quartz disks. The oscillator | 
frequency is designated by the suffix letter in the serial number, Y indi- ] | 
eating 14ke; A, 16 ke; B, 16 ke; C, 17 ke, ete. The unit illustrated resonated 
at about 15 ke. 

For transmitting, the oscillater is supplied from a circuit having a 
resistance of 52 ohms and an inductance of about 17 mh. For reception 
the oscillator is connected across a high @ coil having an inductance of 
18 mh. A trimmer condenser connected across the oscillator terminals 


| 
ana Asdic Oscillator A/S 96 | | 
| 


ven saa Eam Ss Sead eng AAAI analy Sa MEA A AE Rete ME A REA ee 


is used for fine adjustment of the frequency of resonance of the unit. d { 
Effeieney at resonance: —8 db vs ideal. ; i 


Fravee i, Directivity pattern, Asdic oscillator 
A/S 96 at 14.94 ke. Direetivity index =: —~22.0 db. 
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Pioues 2. Yransraitting reaponse, Asdic oseil- 


lator A/S 98. Water tempersture = 64 ¥. 
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432 Asdic Sei, Type 135 


Type: Magnetostriction. 

Reference: NORC Report No, 6.1-3r1190-1827, September 4, 1944.2 

Vee: Locating small objects. 

Deseription; The Asdic Set, Type 185 uses two identical magnetostric- 
tion transducers, one for transmitting pulses of damped sinusoidal oscilla- 
tions produced by a condenser discharge, the other for receiving incoming 
acoustic echoes. The active element of the transducer consists of a stack 
of annular nickel laminations & in. in diameter by 254 in. high. Around 
thie stack is a toroidal winding of 24 turns of ineulated wire. A surge of 
current through this winding will cause the stack to contract. Restoring 
forces will then cause the steck to oscillate at the resonant frequency, 
about 16 ke. To obtain a directional response each unit is mounted in a 
double-walled, air-filled, parabolic reflector. The transmitting unit is 
normally polarized by the d-c component of the condenser-discharge input. 
The receiving unit ie polarized by the residual magnetism from a large 
eurrent flowing through the winding for a very short time. 

Other essential units in the Asdic Set, Type 185 are a recorder unit, 
a contractor unit, and an amplifier-rectifier unit. The recorder unit can- 
siats of a chemical recorder, 4 cam operating a transmitter switch, and « 
second cam opersting the time-varied gain [TVG] feature in the receiving 
amplifier. The function of the transmitter switch is to energize the con- 
tactor which charges a 4-sf condenser and discharges it through the 
transmitting unit. Incoming acouatic signais ere converted to electric 
energy in the receiving unit and passed through the aroplifier-reetifier 
unit to the chemical recarder through the pen stylus which aweeps acrose 
the paper from left to right. The TVG of the amplifier-rectifier unit is 
optained by changing the grid bins exponentially by means of a con- 
denser discharge, The instant at which the condenser begins discharging 
is controlled by the awitch in the recorder unit. 

A “subtraction cireuit,” not shown in the schematic, is used to smooth 
out the reverberation background and thus allow the recorder trace to 
stand out more sharply on the record. This subtraction circuit is basically 
a network for insertion between the output of the amplifier-rectifier and 
the recorder to remove the d-c components from the signal. 

ficiency: receiving unit: --14.5 db ve ideal. 

transmitting unit: —24.8 db vs ideal. 

Peak sound pressure in generated acoustic pulec: 1.16 « 16° dynes per 
ay om. 

Amplification of tuned circuit and amplfler: approximately 100 db at 
15 ke. 


CONFIDENTIAL 


Ae eR ried TO. LGB 


sO ESS se ned Capen AR Rn Re 


fi 

i 
| 
Poe 


2 ES. 


_ 


“ge 
(ysis 
tt 

oft 


4 


Sie A i AS Ot 
RES 

ea i 
Proven ¢. Directivity athe, receiving whit Figuae 7. Divectivity = tranamitting wait 


Aadic set, Type ‘188, at 15.4 ke. Directivity index Aadie oh ape 196, at 14.3 ke. Directivity index 2 
Soop tare e) dh. ; St wee 4 F 


iB 


; NEeces: . -ee2 

. Ee SSIES: 

SPRY Oe va 
a 


KES SERN 
7 a ee a & 
‘ . ‘ % —_ Pe Ps 4 
. oO Ss 4 

Nee ok 4 


ee 


Fiovuas 8. Directivity pattern, reeciving unit of 
| ; Asdie set, Type 125, for peak preasure of con- 
i denser-discharge pulse. Traneniitted by A/S 135 oe, 
i tranemitting unit. Teng 


CONFIDENTIAL 


SE Se Sa Rae Lae 


55 | aaa ae Oe Ea 
S511) Soe 
i se 
Tr oe 

a 


gsr. 2 Ti ae 


a 
Popo E ce 


a a ne ee re 
Trae 504 Pos lS 


” 
i , 
ri ee j 
ty 
eae coc 
a ENS a B nua 
> Oe eee 
acs tH (ieee 
? oe ; ie ott Ht 
od aa Ht HH 
Sha Pe eee oF 
i Pe th “* x 
— - “hs 
ot r : ¢ “ me 4 fi) 
ger Pa OP teil Sa gies! ee a es 
: = 44 * : Sa a ee | wii > ae eg 
Te : ei Sn ea ee ag 
Sy)? i corte saat, Sele aimee ST a en oe 
+ 7 eke 
‘>t ' Set. 
Me Te . 
Bd Soy 
Rice: 
* => a e- 3 
he . : 
rs ‘ 
—_ . 
y ‘ 
SPR Fe bn 


- : 
o shi 


, ser g 4 : ws 76. 

Pn Teg vs : 

ae +" 1. : ’ were a pn ee ee 
be) a ee Tapia “da tat ost i ( aah "s -~ “ee « 


. rata 


on > 
sw 


Fietwa 15. Asdie set, Type 135 oscillator, 
CONFIDENTIAL | 


et en te 


ghee 
“ne mere er errno SH mentee nog agai alpen epecbsnenesn ni 


4 2 SS Beets a ce advansreiaaty se) astdeba one 
2 ete "tye aiets va pet ay Rp oops eterna ee tet tac aR a ater Ste a 

E- 3 Mi: i RARE AIOE 5 =) 5 > hy 6 4 
ee gio ae a dal ‘ 7 — , ‘ 


184 _ ERITISH AND CANADIAN EQUIPMENT 


Sensors 


F “ Asdie Transducer, Type 150 


Tepe: Magnetostriction. 
Reference: NDRC Report No, €.1-srl 180-2136, February 17, 1945.11 
® Use: Locating smell objects. 
é Description: The Asdic Transducer, Type 150 is a magnetostrictive type 
sitnilar in many reapects io the Type 125 trausducer. The active element ) 


' consists of a stack of annular nickel laminations on which is a torcidal 
| winding of insulated wire. Each stack io about 114 in. high arid 5 in. in 
: diameter, Two of the units are mounted ene behind the other in a single 
parabolic reflector enclosed in a spherical shell approximately 12 in. in 
diameter. The shell ia filled with water. One magnetostrictive element 


serves as the shockexcited transtuitter while the other is used as the 
receiver. The electric cireuit used with the Type 160 trangducer is essen- 
tially the seme as is uaed in the Asdic Set, Type 195. The transmitting 
unit ia normally polarized by the d-c component of the condenser-discharge 
inprt, The receiving unit is polarized by the residua! magnetization pro- 
duced by « large current which flows through the winding for s very short 
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; time. | 
t Efficiency: receiving unit: 18 db ve ideal. | 
i tranemiiting unit: 19 db ve ideal. | 
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xd , Type P Hydrophone 


Type: Quarts Crystal. 
Reference: USRL Mountain Laker Project No. 2818, fane 6, 1044. 
Use: Underwater sound measurement. 

Description: The eapacity of the. quarts: head & approximately 100 jaf, 
tari it is ahunted by shout 1,000 apf. Tt ic sesocinted with a two-stage 
preamplifier of the oathode-Zollower type, using & British Hes tube mn 
the frat stage and a 835 in the second stage, The geld resistor of the 
HéS is 80 megohma, but LO) fe used whon the inetroment is 
weed at low freguencies. 
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NAVAL LABORATORIES’ DESIGNS 


aos E-Type Hydrophone 

Ryne: ‘Tourmaline Crystal, 

Designer: Nava! Research Laboratory. 
, Reference: USEL ealibration letter of daly 7, 1944, to U.S. Naval Mine 
Warfare Test Sino, 
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NAVAL LABORATORIES’ DESIGNS. 


5.8.4 "P92 and T37-T1 Hydrophones 


Type: Moving Coll Permanent Magnet. 

Designer: Signal Corps General Development Laboratory, ; Fort Mon- 
mouth, New Jecser. 

Reference: NDEC Report Ne. C807 20-204, Nevember 15, 1942.47 

ine In GR-S and GR-7 offshore harbor defense units. . . 
on: The two types of hydrophone are. identical in principle but 


differ in elze, the T37-T1 heing one-half the aise of the T22. The outer wall 


of the eviin der, which is of Altico steel, constitutes the permanent. ragnet 


aphragme in an assembly somewhat Hhe a “dumbbell.” A coil, 
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stant. On the eae of the ship’s sounds and the 
background noise decreasing with frequency, 
this inerease in response has been considered 
advantareous by the New London Iabora- 
tory. 

Magnetostriction designs generally are of 
low impedance. From the standpoint of the 
maximum permissibie length of cable that can 
be attached to the hydrophone without exces- 
sive loss or noise pickup, the low impedance 
of the magnetostriction devices as compared to 
crystal unite presente a real advantage. In 
many cages it obviates the need for an under- 
water preamplifier, 

The New Londen magnetostriction devices 


are invariably “jime hydrophones.” A line has. 
Yhexiniis, 


+ Sespoide in all ditections normal to 
the axis, but the platon’s resodnse is unidirec- 
tional and sharp discrimination exists between 


thn 
the plekup of sound fram the front and rear 


of the device. Offhand, this discrimination on 
the part of the piston would appear to be of 
comsiderable advantage in locating cbjecta by 
Hetening. Since, however, thie discrimination 
dependa on the ratio of the wavelength end the 
diameter of the piston, » very large piston is 
sequired to provide substantial diseriraination 
at low frequencies. For instance, in order to 


have a discrimindtion of 10 db at 600 ¢, a 
piston immat have a diareeter of no less*than. 


$i. 

Several methods heve been used hy the New 
London isberatery to provide front and rear 
discrimination for the line hydrophones. These 
methods in general consist in using baffles 


te reduce reaponse. on one eide of the hydro- 


phone, or in using two units’. connected in 
such @ way to a phesing network that their 
output is combined when the sound comes from 
one direction and tends to tancel when the 
sound comes frem the opposite direction {see 
Section 6.6.6). 

Firure, i shows a. directivity pattern for a 
continuous line, and Figure 2 for 9 theoretics) 
piston. The one is expressed in terms of the 
length in wavelengths and the other in terms 


of the diameter in wavelengths, It will be noted 


that, for the same maximum dimengions, the 


line has a narrower beam width but the Piston 


has lower side lobes. There has } been much dis- 


cussion concerning any possible advantages for 
listening inherent in the narrow bear of the 
Une hydrophone and any possible advantages 
due to the lower side lobes of the circular pis- 
ton. Ii is, of course, possible to change these 
factors by “tapering” or its inverse, so that 
actually these differences may not be so im- 
portent. Tapering has been used in a number 
of New London designs to reduce the magni- 
tude of the side lobes of thelr line hydro- 
phones 

The following are some of the principal ap- 

plieations of magnetostriction hydrophones 
that have been made by the New London labo- 
ratory. 
». 4. "Pasvlar amagnetostriction hydrophones 
have heen used for harbor defense.’2? These 
hydrephones were designed for the audio fre- 
quency range and consisted of a nickel tube in 
which e« longitudinel coil with Jaminated core 
was jocated. The tube is permanentiy magne- 
tized br moans of the coll, the flux passing 
through the coil wad returning through the 
two sides of the fube, (See Figure 3.) The 
usual length for these hydreghones was 4 ft 
and 6 £t* These unite sere hung vertically in 
the water to detect any approaching surface 
vessel or submarine (wee Section 6.6.8). 

2. In order to better define the direction of 
sound pickup, a toroidal ‘magnetoatriction 
hydrophone was developed by the New London 
laboratory, (See Pigues. 4.3. Since a torus Wau 
ally is bidirectional, methods for discriminating 
againat rear response were applied te this ‘unit. 
‘These eorsisted of using « baffle or s ayatem 


combining. “we identical units with » phesing 


network"? (See Section 6.6.6.) 
3. In order to improve the aMfeiency of the 
design, 3 woedd core was used, cylindrical in 


contour, and ciusely conforming to the internal 
diameter of the nickel tube. The hydrophone 


coll is wound over this wood cylitider, which 
also positions the iron eore, This tyoe of con- 
struction is used ini the JP Ustening unit, (See 


Figure §.} : 
4, Further davalogment of the magnetostric- 


tien hydrophone resulted in toroidally wound 


cylindriesi hydrophone {Figure 6). This type 


of design was finally adopted by the New Lon- 


don laboratory, and practically all iater New 
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FREQUENCY in KO 


Pisum 9. Calevlated threshold, D-i6 Mark IV-D 
hydrophone, 


Fiquag 7. Diveetiyity pattern, D-16 Mark IV-D 
hydrophone at 96 ke. 


FREQUENCY ty xO 


Figuem 19, Impedance, D-16 Mark IV-D hydro- 
phone, 
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Froune 8. Receiving response, D-16 Mark IV-D 


hydrophone. 


Piqua 11. D-16 Mark IV-D hydrophone, 
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. 212 NDC, DIVISION 6.1 DESIGNS 
i one JP Hydrophoue (COG 51053) 

i Type: Magnetostriction. 

: Operating range: Audio frequencies. 

i Menufacturer: Astatie Corporation, Youngstown, Ohio. 

4 References: NDRC Report No. €1-erl190-1168, February 2, 1944.) 

i NDEC Report No. 6.1-6r20-942, July 22, 1948." 

} UCDWR Report No. C17, November 6, 1948.°* 

i Use: In JP-1 Hetening system, 

: Duseription: The JP hydrophone ix of the straight wood core mag- 


netestriction type. The anit consists of a nicke! cylinder about 40 in. in 
length and 2 in. in diameter, in which a cylindrical wood core extends 
mont of the length. The coll is wound on thie core with the turus running 
parellel to the axis of the tube. Across the diameter of the tube, cutting 
the wood core In half and extending the length of the tube, is a laminsied 
core. A streamline? rubber-covered bafie provides directivity. 
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Fiovuge 18, Reesiving response, JP {SOG 
51083) hydrophone. 


Figura 12. Dietivicy patiern, IP «cog 
51063) hydrophone at 10 ke. 
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rere ele 


me NL-124 Hydrophone (CQA 51074) 


Type: Magretostriction. 

Operating range: 100 2 to 66 ke. 

References: NDRC Report No. 64-sr1180-2185, February 12, 1945." 

NDRC Report No. 6.1-0r1126-2215, May 25, 1945, tee 
Uses Por JT sonar equipment. 
Descrigtion : The ML-124 hydrophone is a 8-ft permanent magnet mag- 
striction line, consisting of 16 sections which are tapered to reduce 

side totes, The sections are toroldally wound. The hydrophone ie plastic- 
filled and covered with neoprene rubber compound. A 4-wire cable permits 
the use of separate channels for the two halves. The hydrophone is 60 in. 
long, Zi in. in diameter, and weighs approximately 22 Ib. A 129-A baflle 
ie used with the hydrophone to provide front-to-beck discrimination. 
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Pune 18. Meatieky ‘pattern, Winie ‘inyelieae Pewee 19. THrectivity pattern. NL-tga hydro- 
phono at 9.6 ke (oerles aiding). phone at 9.6 ke (worier epporiyg). 
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phone. Frese 22. Ivnpedence, NL-124 hydrophone. 


iy atc ales ao 


Pe ee Rs em te ean ime RE oleh Bk cane ait 


reset euemere Ke apa og ei 

Farvee 91.. Camnatas, threshotd H Ln}d4 tepdra- Proves 28, NLAis hydrophone with NI 120-A , 

phone with beflie, J bate, ae zi 
CONFIDENTIAL es 
i ‘. 
‘ : 
2 a 

bai a4 Wanner, ae eRe ia 4. > eas woe ge eet ee ee ee ty tei Rr Mat aye ae, ee At ahaa ce Hun Shap ater asiew 


eden re hanna er Reasons cm ott tI pate Saronic aime 


ey 


i tS et . oe a Jt “fh uel \ Ty 
org er arvriingn nat nde we fet nak: Sey Mem oe ee ee ee — 
- 4 het ee ae OB deere a ne ry 


ite 


en Mag tet 


In) 


Lye ew pier cw: vi 

MAss te OF & ob ¢ x 7 ee 

(id tate Maker Rae Lert By 8h totes be LES 

ee te Date era ors — Pets tesa eye aes mre 
ae os 

ne wee 2h ot than. «4 2 TAY Oey; 28 Fa Fae. 


‘a ane Bk ye ir in ee oe a ee ON ee St 


aN eet eT OR Mek ANE, wine Bed Rearitgo The | les 
se ght Mid Py Deaths rer MGS ete ~T te 
*as ee Se a oe 4 "ecw 48 rw “Hy St ee s+ Soe 


aa cet Shea ef Re re ge ee ore oy 85 
aT Ree, en eke ee oe eR 
agralvey! pe iin me + oe Sm ee 9 oe OS es 
eens le A ee AO I SIR A, 7. Sei ee 
lag ged red we a eek le Na fr doe 5) stig ORI 


4 


+a 
fy s 


a 
“a 


P eah 


ait ara 
nest ueeee 
* 


Ajo PL SETS MS 


, . 


, . z 


~— —s + ee 


2 


he tt me eee ee 


” 


ete 


is i et | 
~~ a 


Victru 1} "sian? te toga ° 
1 rere yee 
| 
’ 
, +4 ‘ 
& 4 
le * 
wen = - . 
’ z . ” . 
‘ re 


shee ges | 


ie) ee ee Sak Tl eee: Pe ea 


er epe ok 


Picea or 


218 NDRC DIVISION 6.1 DESIGNS 


EL uaiacaeiuainaeaaamemenatoantl 


ae Toroidal Maguetestriction Hydrephone 


piste. A sownd-abeorbent pad made of Corprene (rubber amd cork) is 
exmented to the back of the nteel plete to reduce rear response. = 
Another arrangement conaiste of two magnetostriction bydrophones 
suspended coaxisly. Amplifiers are associated with each unit and an 
electric delay network is employed with ane of them so that thelr outputs 
adhd if the aound is from one direction and cancel when the sound ie from 
the opposite direction. As shown by the chart, this balance is effective 
only over 2 limited frequency renge. 
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¢ | it it 
COL tt 
DRY: PREQUENGY I KE 
Frovme 22. Receiving tesponse, toroidal mag- 
Fiourag 31, Difference between front and reer netostriction hydrophore. : 
response, toroidal magnetostriction hydrophene. 
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Set Tubular Megnetestriction Hydrephone 


Type: Magnetostriction. 

Operating range: Audio frequencica. 

Seferences: BTL Technicel Memorandam, Aprii 28, 1242.25 

NDRC Report No. C4-ar20-196, August 15, 1942.7 
NDEC Report No, C4-ar80-208, beptersber 1, 1942.3* 
NDPRC Report Ne. (4-er20-005, March 17, 1842.2°° 

User For harbor defense and overside Matening from atnall suriace 
petra! craft. 

Description: The hydrophone consists of a cylindrica! nickel tube, di- 
vided interusily across the diameter by a jaminsted strip of Permalley 
extending ite length. The nickel tube is permanently magnetized so that 
no external polarising batteries are needed. The hydrophone coil ie woul 
lengthwise sronsd the laminations. An intpinging sound wave produess 
olternating stteas in the nickel tube and a corresponding periodic variation 
in ite permenbility, thos modulating the flux and Inducing an alternating 
voltage in the call. Arrows indleate the direction of flux paths throagh 
the core and tube. 
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Fiovas 37. Recelving. response, tubular mag- 
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Type: 2-CGut ADP Crystal. _ 
Designer: University of California, Division af War Eoeearch. 
Reference: Calibrated by UGDWR. Letter from C. J. Burbenk fe BR. § 
ee, August 27,1945, 
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& | eat C¥4 Sample 3A Transducer 


Type: Y-Cat Rochelle Salt Crystal. 

Designer: University of California, Division of War Research. 

Reference: Calibrated by UCDWR. Letter from C.J. Burbank to RB. S. 
Shankland, Avguat 27, 1945. 

: m: The CY4 Sample 3A is a cvlindrical device pimple ofa 
” ergatal anit housed in a standard i-pt olive ean. The crystal agserubly is 
composed of 20 Y-cut Rochelle salt erratale, each I¥¢xixl4 in. in a 
straight stack, all cownected in parallel. Undesired radistion from the 

sides of the stack ie suppressed by strips of Corprene; ond disks of 
neoprene, separated trom the ends of the crystal assembly by Lucite 
epacers, serve to center the anit in the can. ‘The apace within the can not 
otherwixe occupied ig filled with electrical grade castor cll. 
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Type: Cat ADP Crystai. 

Designer: University of Califersia, Division of War Research. 

Reference: Calibrated by VCDWR. Letter from ©. 3. Burbsnk to R. S. 
Shanklend, August 27, 1245. 

Desoription: This anit consists of a roughly diamond¢haped erray 
of $8 Zcut ADP eryatals, esch 6.874x0.5020.25 in., all connected in parallel, 

ele- Welded to the j-In. neoprene window of a cast Mechanite case about 
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Reference: Calibrated by UCDWR. Leiter from C. J. Burbank to B.S. 
Shankland, August 27, 1845. , 
Deseripiion: The GD1I6-17 No. 1868 conzists of 166 45° Y-cut Rochelle 
salt evvatals, each %xlxi4 is. connected in parallel, cemented in close 
array to the poreslaincusmeled surface of a 44-in. steel backing piste, 
forming an active face approximately 4x414 in. A strip of 44-im. thick 
canvat bakelite is cemented to the becking plete on either side of the 
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| nate GDI6-17 Teaneducce 

: Type: 45° ¥-Cut Rochelle Salt Crystal, | 

Designer: University of California, Division of War Research. 
| 
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| ' crystal assembly. The traneducer element is nested in Corprene in a cast 
; Meehanite case approximately 6 in, aquere and 8 in. deep, with 2 neoprene 
; sound windew bonded Into the Meehanite. All the space within the case 

not otherwise occupied is filled with electrical grade castor ail. 
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Pepe: E-ut Tourmaline Crystal. 
Designer: David Taylor Model Basin. 
Referance: brig calibration Jeter to Rear Admiral H. 8. Howard 
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Use: To Sata —prengure. andorwater sounds, 
Pescrigtion: The ~T) hydrophone uses a eniall tourmaline disk with 


a molded rubber eover. A’ tree diameter cylindrical benss tube of ahenat 
ae length couples the unit io a alngle-atege preamplifier. Th The latter iy 
eattained in a cylindrical healt 2 in in ainater by BY in. long. ‘The 
sect range of this instrument extends to about 50 ke. 
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thee Stanclind 08 and Gas Company 1 Tourmaliae cars : 


Type: X-Cat Tourmaline Crystal. : 

Designer: Stanolind Oi! and Gas Company, Tulsa, Okishoma. 

References: NDRC Repurt No. 6.1-:2120-1828, September 8, 1944.47 

NDRC. Rapart No, 6.d-arl180-1971, October Bi, 1944, 148 en ae, 

Use: Po measure high-pressure underwater sound. . 

Deseription: Designe of the Stanolind Oil and Gas Company have been 
calibrated by the USRL for the Underwater Explosion Research Labors- 

- tory at the Weode Hole Oceanographic Institution and for. the MIT. ait 
water Sound Laboratory. ‘These instruments have generally. een used bes 
the Navy for unileewater explosion measurements. 

Bither two or four pesernadlitg diaks are enpioved in exch. instrument, 
The diemeter of these disks varies between 44 In. and 1% in. The disks 
ate either Hq in. or Y% in. thick, The smaller dirsensions apply to the 

instrument with tsp bighest fregueny range. The: ‘iske are silver and 
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parallel te an insulated conductor inside the tube which forms the high. 
aide of the eleeuit. The crystals ere covered with a molded rubber jacket 
er with DR tape to deep waler atay from thet. A coment, “Bastik,” is 

. applied under the cover te exelude alr ahd provide high mulation resist. 
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igken at daimii lng Une, Roter setting at 6°. 
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Faovee 132. Directivity pattern, FM sonar Figume 134, Directivity pattern, FM sonar 
tranamitter in horizontal plane at 34 ke. transmitter in herizomel plane at 50 ke, 
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Fiauesz 225, Directivity pattern, FM aener 
Pyovan 193, Digestivity pattern, FM sonar transmitter im vertical plane thraugh acoustic 
transmitter i, Roricontel plane at 42 ke. exis at 24 kee. 
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Pisuer 196. Direstivity pettern, FE sonar 
transmitter in vertical plane through acoustic 
axis at 42 ine. 
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Frevag 198, Directivity pattern, FM sonar 
tranamitter in vertical plane making « -+2u° 
angle with acoustic axis et 34 ke, 
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Sioume 127, Directivity pattern, FM sonar Fisuan 130. 


; Directivity gertern, FM sonar 
ete on tm vertiesi plane through eeoustic transmitter in vertical plane making a +40° 
axie we BG ke. 


angie with acoustic asia at 42 ke. 
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Ficums 142, Directivity pattern; FM sonar 
transmitter in vertical plane making a —380° 
angle with acoustic axis at 42 ke, 


Fiovme 140. Direetivity pattern, FM sonar 
tranamitter in vertical olane making 2 +20° 
angle with acoustic axis at 60 ke. 
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Fiours 341. Directivity pattern, FM sonar Ficure 148, Divectivity pattern, FM sonar : 
transmitter in vertical plane making a —20° transmitter in vertical plane making a —30° i 
angle with scoustic azia at 34 ke, . angle with acoustic axis at 50 ke, : < 
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Figuae 149. Direetivity pattern, FM sonar re- Figuer 151, Directivity pattern, FM eonar re- 
esiver in horizontal plane at 80 ke, ceiver in vertical plane at 42 ke. ; 
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Fines 180. Directivity pattern, FM sonar re- Figuese 152, Directivity pattern, FM sonar re- 
ceiver in vertical plane at 34 ke. ceiver in vertical plane at 80 ke, i 
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Fine 164. Reosiving rerponse, FM sonar re- 
Carrer, ‘ 
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Fiettie 255. lvpedenee, FB sonar reeeviving 
unit fwitheet cables. 


*** Relation of Operational Effective- 
ness of Seanning Senar in A/S 
Operations to Hts Physical 
Characteristics’. 


The general principles relating the opera- 
tional effectivencss of underwater sound de- 
vices to their physical design parameters, ¢.g., 
directivity and acoustic power output, have 
been discusaed in detail.’ From these diseus- 
sions it follows that for ease of analysis the 
A/S operation is first divided inte toree parts 
{treated In inveres chronological order): at- 
tack, chase, detectisn. 

in the attack the criteria of operational effec- 
tiveness are the valuea of the blind time and 
of the depth error, in the chase the value of the 
bearing accuracy and the ability to maintain 
contact, and im detection (in “searching” or 
“ghielding”) the values of the coverage rate 
and of the maximum renge* at which contact 
ean firat be made. 

In the attack, both for eranning sonar as 
well os for searchlight gear, ausiliery close 
contact masintenance and denth determining 
equipment are necessary. Such auxiliary gear 
muxt estisfy the conflicting requirements of s 
short blind time and ef an abilliy to measure 
degth with omall errors, with reasonably long 
range. Assuming for the moment that scanning 
in the vertical plane is used, short blind times 
and amall depth errors imply requirements on 
the vertical beam width and on the mecurscy 
of bearing meagurements on the PPI screen 
representing the vertical plane. ) 

Tn the chase, maintenance of contact depends 
on the vertical bearn width. Regarding bearing 
accuracy during the chase, tants performed by 


‘This ig with particalar veferenee to ihe KQHA 
OR system in compariaen with present eesrehlight gear 
and with esarchlight gear incorporating certain ira- 
provesents, 

he maximum range ts defined a» thet range at 


which the probability of detecting yn echo fro a mub- 


meriac seeing’ the background in jost 60 per cent; the 
aaverage rete ix defined 2s the equivatent area swept by 
the A/S ship per enit time in which there ie eprtalnty 
af deterting the sabmerine. The search efficiency ¢,, 
commonly adduced slag with the maximum range 


Tagg BS ® etterion ef wperntional effectivenes: in 


“shielding,” ean be exproseed in terms of the coverage 
rate C and the maximum renge by the equation ¢, = 
Ciér,,.,v ( ls the relative ship-sud speed). 
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the USRL' indicate that visual chservation on 
the PPE oscilloscope sereen of the seanning 
sonar leads to bearing accuracies 2< 1 degree, 
Le., bearing accuracies of the same order aa are 
obtained with BDI uttachment to the scanning 
sonar, This bearing aceuracy is obtained on the 
PPI sereen giving horizontal bearings, but pre- 
aurnably comparable accuracy may be obisined 
on the PPI screen giving vertical bearings, 
Contact maintenance for a given vertical beam 
width is, of course, better with scanning Rona 
than with searchlight gear because of the 860° 
horizontal beam and the greater psychological 
cortainty of visual presentation on the PPI 
screen; further, if the vertical beam is chosen 
&8 & reasonable compromise between the con- 
fiicting demands of cortect niAintenance dur- 
ing chesze and attack avd thowe of small depth 
error, or if an auxiliery broad vertical heam® 
and am guxiliery narrow beam “sword” pro- 
jJector is used, both depth errors and blind times 
may be made sulficiently emall. Thus it is seen 
thet, regarding blind time, depth error, and 
bearing accuracy, avaianing sonar with neces- 
sexy auxiliary equipment is at least equal in 
performance to searchlight gear, while with 
reapect to contact maintenance, scanning sonar, 
because of the PPI visual presentation feature, 
ia greatly to be preferred to the searchlight 
type of equipment. 

Regarding detection, it is convenient first to 
edtimate maximum rrages which may be ob- 
tained unter comparable oceanographic condi. 
tions with scanning sonar and with searchlight 

_ ear. The preapure cutpst at 1 m of KQHA 
stanning soar ic spproximstely 115 dbp vs 1 
dyne per sq em,’ some 4 db higher than that 
of present searchlight gear (QBF, QCU, ete.). 
See Chapter 2. The background In the scanning 
sonar, as iat as noise (largely self-noise) is 
concerneml, iz equivalent to the level in a band 
of approvimately 2 ke (see Figure 125). Also 
for visual recognition on the PPI screen, the 
signai level must exceed that of the noise by 
some 5 db for 50 per cent recognition; thia 
value for the 60 per cent visual recognition 
differential on the PPI sereen was found in de- 

WA broad beam in the vertieal plane required for 
élose contact maintenanee—short blind thse may be 


obtained by asing the output of a portion of the length 
of the cylindrical transducer. . 
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talled visual recognition tests conducted by the 
USRL.'* On the other hand, the 100-mece 
ping signal, commonly used in searchlight Sy8- 
tems with aural recognition,’ can be recognized 


at a level some 106 db below a 8-ke notse beek- - 


ground (50 per cent aural recognition differ- 
ential of —7 db with reapect to noise in a i-ke 
joan) 258 

Further, the receiving beam has a directivity 
index =x —28 db for scanning sonar’ and 
at —23 db tor searchlight gear (see Chapter 2) - 
thus the efrective nolee background ig w [5~. 
(—10)]-~5 = 106 db higher for scanning sonar 
than for present searchlight gear. Again the 
reverberation level will tend te be higher in 
scanning sonar than in present searchlight gear, 
because of the higher signal output (4 db), 
and it wili tend to be lower because of the 


shorter ping used, 30 rather than 160 maec 


{6 dh), and the warrower receiving beam (5 
ab}. Moreover tre 50 per cent PPT visual 
recognition differential versus reverberation is 
probably greater then that against noise {be- 
cause of the greater “peakiness” of reverbera- 
tion} it may be taken ag «x 7 db: on the other 
hand, the 60 per cent aural recognition dif. 
ferential versus reverberation ig ax $ db. 
Thus the effective reverberation background is 
2 &b lower in scanning sonar than in current 
searchlight gear. It ie thus seen that under 
given ovemnographic conditions and, of course, 
with the same freavency, i.c., the same trane- 
Thigsion loss, the signa! level ie 4 db higher in 
scanning sousr than in present searchlight gear, 
the effective noise Jevel is 16 db higher, and 
the effective reverberation level 2 db lower. 
43 a result, nolse limited ranges will be some- 
what shorter (about 10 per cent) with scanning 
sonar than with present searchlight gear and 
reverberation limited ranges somewhat longer 
(about 16 per cent), Of course, with scanning 
sonar, ranges will renin noise Umited up tc 


‘The values of both the visual arid the aural resogni- 
tion differentials used are obtained from tests wherein 
undistorted signals sre injected into a thermal noise 
background. Actual signal distortion and a “peakiness” 
greater than that found in thermal noise will adversely 
affect. both visual and aural recognition. The quantita- 
tive measure of this adverse effect must await studies 
on Teeog:. tion differential as a fanction of signs! dis- 
tortion and of nelse “peakiness.” 
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somewhat shorter distances from the echo- 
ranging vessel. 

This analysis leads to the conclusion that 
eoinparable maximum detection ranges may be 
expected from scanni ng sonar and from present 
searchlight gear under all oceanographic CON 
ditions. This expectation is borne out by actus! 
sea tanta. 1 should be recalled, however, thet 


Pieces 166, Deteetion sites ae @ fitne- 
tien of range. 


improvements have been stggested in search. 
light gear, namely, the use of « lower. frequency 
and 2 larger size projector with seoustle power 
output up te the reuniting cavitation limit, 
which give mesimum ranges cow twice a6 
large ee present searchlight gear. 

The coverage rate obtainable with scanning 
soner for a given Spexinnien range will, in gen- 
oral, be considerably greater then that obiain~ 
able with seagehlight gear. Thie conclusion tx a 

om mice of the simultemecus insenlfeation 

by tha scanning eonar balan of tha whale 840° 
horizontal section sewulting essentially in the 
detection of all targets. within the maximum 
range; with sesrehlight gear, on the other baad, 
hecmuse of the relatively narrow beam and the 
time required te complete a full sweep, targets: 
miwy not he detected even though within the 
maximum range. 

Coverage rater that may be expected with 


scanning eonar are given in this section The 


eovernge rate depends on the relative ship-aub 
velocity v, on the maxinvum range 7... on the 


judged reuger;, ie, on the interval T be- 
tween successive pings, (r; < ¢7/2), and on the 
shape of the detection probablilty versus range 
curve. The latter is taken as (see Figure 186) 


Br) = em on me BA, om, 


where pir) is the probability of — F 
sub at range r, and the constant ris determined 
by the fact thet 


PY man) = 0.50, 


that is, the probability of detection at the maxi- 
mum range is Just 50 per cent. In practice, the 
shape of the detection probability versus range 
curve is determined by the variation of both 
signal and background with range’, i.e,, mainly 
by attenuation conditions, and by « paycholegi- 
ex! curve relating the signal to Seah dali 
ratio ami the probability of detertion in per 
cent:* computations indicate that the ‘core in 
Figure 186 with nm = 4 is in feir agreement with 
detection probability versus range curves ob- 
tained in Srattioe The curves in Pigure 166 
with » = 2,% = « represent extreme cases of 
a long at and no “tall” ef all for the dates- 
tion probability; it is cbvious that & long “tell 


ae 


Fevers 167, uelesai rite fer bindindig ‘ar 
add searchlight gear. Ship speed o- 14 knot, 


ig useful im seannlag eoner. Thix conclusion 
feilows from the fort that in aténning sonar 
each target is pinged on a grent maay times be- 
eause of the 360° beam and so may have « 


"i Bee Pig Figere 20 of pegevenre 148. 

* See Figures of veference 164. 

‘Compare the carve with » = 4 in Pievre 168 with 
the dettien probability versua range curve given in 
Figure 28 of reference 358. 
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resultant probability of detection which is not 
negligible even though the probability of de. 
tection per ping is very small. 

Figures 157 and 158 give coverage rates for 
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rates depend, in addition to the factors men- 
tioned above, (rj, Tnx, ”, 7) on the beam width 
which, for all present and proposed searchlight 
gear, corresponds te a directivity index of 
about —-28 db. Figures 157 and 158 also pre- 
sent coverage rates of searchlight gear for ship- 
sub speeds of 16 sy 26 knots as e function of 
?i/Tme, SA forn = 2,4, - (directivity index = 
~~—Z8 db). The onvetuge rate and search effi- 
ciency values obtained from these curves, using 
in each case the optimum value of r, are shown 
in Tabie 3. 


Tasie 3 


Citi ieee rete err seetteremcn ranma cage 


seepenne tes 
epaeonseetv itera degree Asis rinses in iis abate 


Se TT ae 


18 knots 28 knots 


ae? nes pmo nse 2 amd gm @ 


c 
: “. — ~~ in aeuare 
o 4 2 @ Ww we we OH nawtionl 40% 35x 30fmax 65trax S8tmax SOfmsn i 
Fieuse 146, Coverage rete for seanning sonar niiee-onr 


and sencchlight Sear, Ship speed =: 25 knots 


scanning sonar for ship-nuls speade of 16 knots 
and 25 knots ae a function of r//rm, anc fora = 
2, 4, and «. The coverage rate C, and the search 
efficiency ¢,, (e, = C/2rmat), obtained from these 
curves, using in esch ease the optimum value of 
the judged range,“ are shown in Table 2. 
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if the maximum range is taken to be equal 
fer scanning sonar and present searchlight 
gear, that ie, a: 8,000 yd in good ocennographie 
conditions, it is seen that the staining sonar 
has 9 somewhat higher ecoverege rate than 
present searchlight gear. On the other hand, 
with searchlight sonar gear incorporating pro- 
posed improvements!” and expected to yield in 
good oceanographic conditions twice the above 
maximum range, the coverege rate values are 


: twice those in Table 3, (The search efficiency ; 
fm square values will he the same aa in Table 3,) i 
| Battal 78m. SOvewe SOVmes 125Fox 73 tmee  SOriene Thus the proposed improved searchlight gear : 
ea a has a greater coverage rate except in the long ; 
: “tail” case, » = 2, as well as 9 much greater ; 
fe 280% tee 1% «250% «150% 100%  merimum range than the scanning soner. These { 
+) aac ctl ae advaritages in detection may, however, be bal. yee 
nea siallar way, the coverage rates of Sued by the advantages of scanning sonar in : 
searchlight gear may be found. These coverage : 
“® The optimum value of the judged renge iz, of CONCLUSION iG 


pees ietane apna 


herent 


eonrge, the ome which gives the grastest overage ae 
for a given meximum range and ship-cub epeed. See 
Figere 169. 


it is seen from the above discussion that in 
A/S operations, scanning sonar ia euperior to 
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Chapter 7 
INDUSTRIAL DESIGNS 


HE INSTRUMENTS DESIGNED or built by in- 
T dustrial organizations under contract with 
the Navy or NDRC are described in this chap- 
ter, In many cases instruments were beth 
designed and manufactured by the saithe manu- 
facturer, although some instruments were de- 
veloped by NDRC laboratories and mannfac- 
tured by industrial companies, As a rule only 
devices calibrated by the USRL have been ine 
cluded. Many devices which have been included 
in other chapters are merely referred to herein, 
The following organizations are covered in thia 
chapter: Brush Development Company, Bell 
Telephone Laboratories, Submarine Signal 
Company, Radio Corporation of America, and 
General Electric Company. The @BG, manu- 
factured by the Freed Radio Corporation, is 
discussed in Section 2.7.18, and the tourmaline 
gauges made by Stanolind Oil and Gas Com- 
pany are covered in Section 6.7.8, The scanning 
sonar designed by Harvard University and 
manufactured by the Sangamo Electric Com- 


pany is described in Seetion 6.8.2: 


* INSTRUMENTS DESIGNED AND MANU. 
FACTURED BY BRUSH DEVELOPMENT 
COMPANY 


Ail underwater acoustic instraments designed 
and manufactured by the Brush Development 
Company employ piezoelectric coupling, Most 
of them use X-eut Rochelle salt crystals, al- 
though some use ADP crystals, ag., AZ-128, 
AX-11M4A, and AX%-50, Neither Rochell» salt 


nor ADP orystals hes a volume Plesovlectric 


effect of useful magnitude, that is, the open- 
cireuit voltage is very smal} when the crystal is 
compressed in such a way as to change its 
volume, The volume is changed when @ pres- 
sure acts on ali faces of the erystal. In order 
to prevent the pressure from aeting on all sides 
of the crystal, the pressure must he relieved 
on some faces. This is accomplished in mont 
Brush designs by covering four sides o? the 
crystal rit with Corprene, Of the other two 
sides, one usually is exposed as the active fee 


and the other is covered by « mounting plate, 
but sometimes both sides ere exposed in a 
double-face design (C10, C11). 

As the impedance of crystal units is high, 
there is a large loss in the signal intensity of 
hydrophones when long leads are attuched di. 
rectly to the crystals {coupling less), with 
consequent high electric noise and electric 
pickup. Several methods are used to reduce this 
joss and circuit noise. (1) Short leads from 
hydrophone to receiving equipment are used. 
This method, for exampie, is employed in the 
C4$ and AX.47 hydrophones, (2) A trans- 
former is built into the hydrophone to step 
down the output impedance of the eryatal so as 
to permit long eables to be used with the 
hydrophone, Examples of this construction 
method are C23 and C87 hydrophones, (a) A 
one- or two-stage preamplifier is used near the 
hydrophone, ie., underwater, permitting use of 
short leads from the crystal. The low output 
impedance of the preamplifier then minimizes 
coupling loss. Usually the preamplifier is built 
into the hydrophone. This is done in CEO and 
AZ-76 units, 

Some of the hydrophones intended for use as 
measurement standards, eg., the C10, include 
calibrating cireulte for obtaining the open- 
circuit crystal response. 

Almost all the instruments are filled with 
castor off to permit their use at depths of sey- 
eral hundred feet without collapse and te with. 
stand explosion shocks, Most of them are corn- 
pletely enclosed in sound-transparent rubber, 
or at least the active face is rubber-covered. 
important exceptions in both respects are the 
Ci@ and Cil hydrophones which are neither 
oil-filled nor rubber-covered. These hydro- 
phones, being intended for use as standards, 
are intended neither for use at considerable 
depth nor to be exposed to explosions, 

Various combinations and arrangements of 
érysta! units have been employed to give par- 
ticular directivity patterns, Line hydrophones, 
auch as the C37, which are nondirectional in a 
plane nermal to the line and discriminate 
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esate RE mE ee 


against sounds originating in a direction along 
the line, consist of severa! crystal units ar- 
ranged in « row anid connected electrically in 
parallel. Nondirectionat units, like the AX-78, 
consist of « single crystal unit. Dual-pattern 
hydrephones (C44, AX-6, AX-47) are essen- 
tially two hydrophones in one housing, one 
being directional and the other nendirectional. 
By connecting these two units opposing a dif- 
ferential hydrophone may then be obtained. 
Other special pattern devices have alec 

built... 

Any instrument which does not have a 
built-in preamplifier can be uzed as either & 
projector or a hydrophone. Both response 
curves are given kere In many such cases, 


although the device le intended mainly for one 


or the other of these roles, Other units are in- 
texded only for transmitting seund, e.g., the 
AXK-65 projector. 

Many preliminery and experimental models 
are mentioned in the deseriptions of the final 
instrument. Several Brush designe have ben 
used by the USRL as standards, for example, 
the (11, C18, AK-Q1, and AX-124 units. A 
description of these devices will be found in 
Sectione 1.4.17, 4148, 4.4.18, and 1.4.3, respes- 
tively. The 40, IG, Modified JQ, and AX-US are 
fo be found in Sections 2.7.2, 2.7.4, 2.7.6, and 
2.7.45, seepectively. References to calibrations 
of Brush instruments in thie chapier are to be 
found in Sections 7.6.4 to 7.6.16. 


1 INSTRUMENTS DESIGNED AND MANU- 
FACTURED BY BELL TELEPHONE 
LABORATORIES 


The WH of the Bell Telephone Laboratories 
{BTL] in this war bas been concerned with 
many aepects of the underwater sound field, ae 
eovered by contracts with both DEC and the 
Nevy. As discussed in Chapter 1, ETL have 
designed and constructed the majority of the 
stamlard hydrophone: and projectors which 
heve been used by the UBRL and by other 
laboratories working in the fiekl. The BTL 
built most of the electrical equipment for the 
USRL test stations. They devigned Navy eche- 
ranging equipments, such aa the QBF and the 
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QIB systems, which were manufactured by the 
Western Electric Company for the Navy, and 
constructed various ordnance devices and ex- 
perimental sonar apparatus. In addition, ther 
carried owt a number of investigations in the 
underwater sound acoustical field. For instance, 
they made a study of listening systems for 
patrol craft, for which they developed various 
instrumentalities as well as acoustical designs. 

The USRL have assisted in many phases of 
this work through the calibration of devices 
but have by no means had contact with all of 
the activity of the BTL. Several of the Navy 
equipments developed by BTL are deacribed in 
Chanter 2. In Sections 7.4.17 to 7.6.22 are given 
descriptions of a number of Hstening devices 
designed by BTL, auch as the 4A, 6A, 7A, SA, 
and 9A hydrophones, and a nondirectional mag- 
netostrietion hydrophone. In addition, thers are 
described three projectors designed by BTL 
for the University of California, Division of 

far Reewarch, at San Diego, for use in wnder- 
water sound transmission studies. (Bee Sec- 
tion 7.6.22.) : 


12 INSTRUMENTS DESIGNED AND MANU- 
FACTURED BY SUBMARINE SIGNAL 
COMPASY 


Tho Submarine Signal Company [SSC] has 
a leading role in the production of underwater 
sound equipments for the U. S. Navy. The 


USRL hae calibrated a number of transducers 


designed and manufactured by SSC for under- 
walter Use. 

Twenty-five of these transducers are de- 
seribed in Chapter 2. Of this number, 5 are 
magnetostrictive types use in echo-sounding 
equipment, 17 are used in echo-ranging equip- 
ment, of which 7 are the magnetostrictive type, 
8 use Rochelle salt crystals for the active ele- 
menta, and 7 are a combination of a magneto- 
striction unit and a Rochelle salt crystal unit, 
mounted back to back in the same housing. 
‘Shree of the transcucers tested are experi- 


mental units. One of these uses ADP crystals 


for its electroacoustic coupling, one is an elec- 
trodynamic type, and one consists of a mag- 
netostrictive type unit in a reflector-type 
housing. 
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tn addition to the transducers described in manvfactured in large quantities, but the other 
Chapter 2, the USRL calibrated two line hydro- three were mainly experimental and prelimi- 
phones. The SS-6 is a 6-ft line and the S-124 nary models, Other magnetostrictive and piezo. 


Coe uae pain Ee ee 
a ee cae 


_ is a 2-f€ line, These hydrophones are described electric instruments have been manufactured : 
in Sections 7.6.25 and 7.6.24 respectively. by RCA in large quantities for Navy use and 5 
are discuased in Chapter 2. z 
| 2 INSTRUMENTS DESIGNED AND MANU. L 


FACTURED BY THE RADIO CORPORA. = ss. ENSTRUMENTS DESIGNED AND MANU- 


is in hie FACTUKED BY THE GENERAL 
The instruments designed by The Radio Cor- ELECTRIC COMPANY 
poration of America [RCA] and tested by the 
USRL have employed ail types of clectro- Two types of General Electric Company * 
acoustic coupling. The Electrddynamic hydro. [GE] instruments have been calibrated by the 4 


Submarine Signal Company Projectors Discussed in Chapter 2. 
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Section UL 5. Navy No. SSC No. Type Use 

2.7, 40 CBM 78016 $518 M/S Sounding 

2, 7, 1% CEM 78017 530C M/S Echo ranging 

27, 9 CBM 78067 763 M/S Sounding 

2, 7, 20 CBM 7809 SSL M/S Echo ranging 

2.7, 24 CRM 78515 733F M/S-~-R/S Echo ranging——Hetening | 

27, 6 CBM 78138 713C M/S Sounding 

2.7, 45 CUM 78142 865 R/S Echo ranging—listening 

427,16 CBM 741424 BSA R/S a a a 
2, 7, 27 CRM 78145 ao M/S a a 
2,7. CBM 78153 733H M/S-R/S ss os - 
2. 7. 38 CBM 78156 885 M/S-R/S “ iS * 
2,7, 28 CBM 78i64A SORE M/S-R/S Ka sis @ 
2.7.23 CBM 78182 580V M/S " $ x 
2.7, 2h COM 78i83- 550W M/S * i = 
4. 7,25 CBM 76184 733% M/S-R/S ss a 

2.7. 26 CBM 7818s 733L, M/S-R/S sd 

2.7044 CBM 78303. 943 M/S > Sounding 

2,7. 35 CRM Ta2z12 948 M/S-R/S Echy ranging-—~listening 

2. 7. 36 CBM 78213 F33R R/S Echo ranging 2 
2.7, 14 CBM 78214 O47 M/S Sounding ¢ 
2. 7. 30 CBM 78220 S44 M/S Echo ranging 
2.7, 38 CBM 76221 9420 M/S as a 
2, 7. 44 ral SK 5982 ADP Experimental é 
2.7, 48 SK 4044 Electrodynamic vd : 
2,7, 49 SK 4610C M/S-reflector u i 


ie itintmteie enemaiieementimmmemnirtarett nde tet iepennhemnnnt Ree NAL mh oleetaineneenaenentanmeneen anata ene 


| 


phone (see Section 7.6.27), as the name implies, USRL (see Sections 7.6.80 and 7.8.31). The 
is an electromagnetic device. The Magneto- Carbon hydrophone, an early type adapted from 
striction hydrophone (see Section 7.6.28) uses a the cerbon air microphone was intended for use 
magnetostrictive nicke! rod aa active element. in a binaural! listening system. Much later sev- 
The 24. Condenser hydrophone (see Section eral high-frequency projectors used with the 
7.6,26) employs electrostatic coupling. The Underwater Object Locator were texted, These 
USDAR (see Section 7.6.23} uses piezoelectric units employed L.cut Rochelle salt crystals and, 
quartz erystal. All these types have worked due to the high frequencies (250, 750 ke) at 
satisfactorily, although the conderscr type bea which they operate, could be mounted on eurved 
not been widely used. The USDAR has been plates to obtain desired directivity patterns, 


CONFIDENTIAL 


% 


%: ‘Peni we ean ‘ = 


« & 


ainda < pearance + los eementniie Reta tre Shy aibai wenane aentgeomaNiie snanteas + 


Rey 


“t 


ance ery ene nner lige cle neni nnen eplatinnmetinhmnaneditaentcmingesajmninnatantininteesertittretsininantan 


“SSRN Hook Knits sae an ema tlle it Fae 


ied Se OS SMO ACE AREER RR U RINSE RRO eR HED ce ma RE REE feta aN YO RSTPRRA  E anhT aK SEr 


28 


nr ane aoe 


ae ewes 


f KS i 


INDUSTHIAL DESIGNS 


ile INDUSTRIAL DESIGN INSTRUMENTS 
baad AR-47 ond AX-47-1 Hydrophones 


Tepe: X-Cut Rochelle Salt Crystal. 

Designer and Manafeeturer: Brush Developnent Corepany. 

Reference: NDRC Report No. 6.1-er20-610, March 6, 1945.5" 

Geacriptin: Both the AX-47 and AX-47-1 modela contain a directional 
unit comelsting of a circular crystal array and 2 centrally located non- 
directional crystal unit. A achematic diagram giving the approximate 
dimensions of the AX.47 hydrophone is shown in Figure 4. The AK-#7.1 
modes is eimiler to the AX-47. The operation is sixailar to that of the C44 
deseriied in Section 7.6.14, ; 
idosetasine in ohms: 


wee Directional wait Nendtrectional unit 
the) R x ke ak 
16.0 $200 — 7817,000 20,208 — f0U7900 
RO SB BSG — JST 2 29,060 ~~ (184,005 
22.5 87,250 —- F111 200 21,508 ~~ 3198,200 
Bue 3B 2B0 ~— 5 BOO 28,608 wm § GR MOG 
Bt 25,000 —~ 4 BP Gaus he 1] wee 73 ee 
eG 180,800 —- § 32,400 61,400 —j 27,260 
66,0 196,200 — 7198500 187 Aas — 7 78,800 
Threshold in db ve } dyne per aq cm: 
¥ gh Diveetionsl unit Nondirectional anit 
* 16 ~ Bi ek 
& ome BL woh, 2 
BS ~~ 82D olf BG 
%. ~~ $1.9 nal (5 
pret) onl IS 8 
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raume 2, Receiving respenes, AX-47 Whydro- 
phone meseured at output of coupling trans. 


‘\ former. 
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Finums 1. Direetivity pattern, AKT hydro- 
phone at 20 ke, reapense of nondireetional rnit 
meduced 5 db below that of directional unit, 


ee 


Fraure 4. Dimensionel drawing, AX-47 hydre- 
phone, 
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net AX-50 Hydeoghone 


Type: ADP Crystal, 

Gesigner and Menufacturer: Brush Development Company. 

Referswce: NDRC Report No. 6.1-4r20-1181, October 22, 1948,2¢ 

Use: Listening unit intended for sono busy. 

Deseription; The ADP eryatel ia mounted in a rubber-covered, oil- 
filled, cylindrical housing similar to that of the 02%. C50, and other Brush 
models, The anit vortaine a built-in one-etage preamplifier which uses 2 
1LN6 tube (see circuit schematic diagram). The deviee is nordirectional 
from 1 ke wp te about 3G ke. 
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tae AX-S84 (RO-31035) Hydraphane 


Fype: X-Cut Rochelle Salt Cryatal. . ! 
Desiguer aed Manufacturer: Brush Development Company. 
Reference: NDBC Report No, 6.1-er80-009, August 17, 1943." 
Hee: With portable meaguring equipment ais 


Desoription: The AX-S8A is a slight modification of the AX-O6 which it 
replaces, it in almilar in appearance to the O60, The photeyraph shows 
the unit with the rubber cover femoved. = 
It ts approeimately 26 in. in length and 2.8 in. in diameter. A d-in. 

évystal block ie moanted at one end and surrounded by a sound window. : 
At the other end there is space for two stages of amplifieation which is to 

be furnished by the ueor. This instrument was widely used by the Navy 
In povtuble macacuring equipment, especially for measuring and: moniter- 

ing submarine noise output. : 438 ¥: 
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Fieune 13.- Receiving reaponee, AX-B6A hydro 
phone. 
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8 AX-19, AX-79-1 Hydrophones 


Tyee: X-Cut Rochelle Salt Crystal. 

Designer and Mawafacturer: Brush Development Company. 

Use; intenied as sound pressure indicator inside « tank. 

Deserintion: The AX-79 and AX-79-1 are similar in construction and =. 
appearance but AX-79-1 ia the slightly larger of the two, being about 6 in. : 
long while AX.78 is anly 4 in. long, Other dimensions are in proportion | 
to the length. The crystals are cemented to a backing plate and enclosed 
in a sound-transparent rubber cover. The space between rubber and 

eryatals is oil-filled. The housing incorporates a mounting flange toa per- 
mit sttechment te a tank. The unit is fairly nondirectional up te about 
28 ke. 

PReioncy: —35 dh (ar 180-db available power) at 26 ke. 


Threshold: —O1.4 @ val dyne per sqem at 28 ke. 
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we AX-83 Hydrophone 


Type: X-Cut Rochelle Salt Crystal. 

Designer and Manufacturer: Brush Development Company. 

Use: Measurement standard. 

Prescription: The AX-83 is similer in size, appearance, and mechanical 
construction te the C28. The erystal unit is near the middle. of a 2.5 in. 
diameter, oil-fitied. rubber-covered tube, the overall length of the device 
being about 14 in. lt is nondirectional up to about 30 ke. 
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Type: ADP Crystel. a6 or 3 

Designer and Manvfecturer: Brash Development Company. 

Use: For prectica target. Ss fa fine niptt 

Description: The AX-I28 transducer can be used as either hydrophone 
sx projector in the B0- to S0-ke range. It is approximately noadirections! 
in a plane normal to the transducer axis, bat somewhat directional in a 
plawe containing this axis. 1¢ ls shout 2 in. in dinmeter, 11 in. in length, 
pubber-covered and ofl-filled, “4 1 
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Tyne: X-Cut Rochelle Salt Cryatal. 

Designer and Manufacturer: Breah Development Company. 

Referetice: NDRC Report Ne. 6.1-ar20-87i, May 14, 1948.1 

Use: With expendable radio sono bucy. 

‘Deseription: The crystals are mounted In an oil-filled steel, cylindrical, 
tubular container covered with sound-traneparent rubber. The overall 
lenge is 8.5 tn. The leads in a single rubber-covered cable are brought out 

# hemispherical metal © cap st the end of the unit farthest from the 
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per (C44, AMG, AX6-F Hydrophones 


Type: %-Cut Rochelle Salt Crystal. 
Designer and. Manufacturer: Brush Development Company. 
References: MDRC Report No. C4-sr20-285, September 30, 1942,1* 
NDRC Report Ne. C4-sr20-299, November 26, 194217 
Dencription: The C44, AX-6, and AX-6-F instruments are the same in 
Appearance, bail are. contained { ins eylindzical housing 214 in, in diameter 
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‘pattern which ic esenfially : regtional. In the C44 hydrophone the 
apecing betenen the ceriters of the unite nged in the directional array is 
about Gin. inthe AZ~6 shout 4 in, aid slightly less inthe AXeG-F, The 
nondirsetional anit is emailer than the array units. In the AX-€ hydro. 
phone the nondirectional wnit is joneted at the end of the hydrophone 
farthest: fron the laddis, dee soit yee hydrophone it is located between 
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tah 94 Biydrophon 
Types. gnetic, Presaure Gradient. 


Designer: Rall Telephone Laboratories. 

Refarcnes: NDRC Report No. 6.1-0r692-1693, December 1, 1944.57 
tee: Listening from small patroi boats. 

: The $A. hydrophone is similar fo the 8A. pressure gradient 


ow. 


vibT) sneloead in a spherical aheil. The. distinguishing feattire is that an 
in the rubber covering, whick vewulte in &. dhe bata 


(see Section 7.6.90) employing two 44 walle (eee Section: 
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Type: 46° ¥Cnt Rockelle Selt Crystal. 

Blesigner: Ball Telephone Laboratori. 

References: NDRC Report No. Cé-0r20-892 - Hevetilhes 16, 1842.18 

NDEC Repert Ne. 6.1-4120-618, March 29, 1948.1 

Use: For use in underwater socnd transmisss 1 tests. 

Description: A group of transesivera ¥ was constructed for ign University 
of California, Division of War Research at San Diego having. eazentially. 

pag tivity at their cperitie: frequencies, namely. 10, 80, and 
o 


Bach wnit consiste of blocks of ¥4 wavelength Y-cut Rochelle salt crystals 
gal blocks are backed by lead reac end. ed in cantor 


fe ares Bess on the ends of the array have been given 
ese of the othera. in order thet ail units may have the 
, the linear Giecentiona of the ervet’) facet are reduced 
to the wavelengths at which they operate, aa. shown 
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Figvan 106, Receiving response, 10 ke trans Lad 
ceiver unit No.7. _ ; ; Fioven 108, 10 ke transceiver unit No, 1. 
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hated 88-6 Hydrephone 
Type: Rochelle Salt Crystal—6-ft. Line Hydrophone. : 
Designer aud Mansfacturer:> Submarine Signal Company. ‘ 
Heference: KORG Report No, C4-sr20-144, July 18, 1942.17 3 
Application: Underwater soand measurements in audio frequency range. : 


Deseription: ‘The 55-6 bydrophen: consists of a number of Rochelle salt : 
crystal units in a steel housing epproximately 6 f long with % 2-in. square 3 


cross section, Au acoustic window in the form of & slit 5¢ in. wide and 3 
about @3 in. loag is in the side of the housing juat over the crystal unite. % 
The capacity of the crystals, including a 30-ft length of coaxial cable, is } 
6,900 spf. 3 
Measured Impedance: : 
at il ke =. 414 — j4ag00 ohme : 


at Gke = 165 —. 7825 ohros 
at 10 ke = 69.7 — j617 ohms 


ate 


PREQUEROT Om Re 
Fioume 111. Receiving Pieponse, 88-6 hydro. 
phone. 
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Figure 112, 88-8 hydrophone, 
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Taet 24 Condenser Hydrophone 
Type: Blectrostatic (condenser). ea 
Designer and Mensjacturer: Radio Corporation of America. 
Reference: NDRC Report No. C4-sr20-291, October 27, 1842." 
|“ Beseription: The. 2A iz a condenser transmitter type. The cylindrical 
housing has spproximately & t7.in, overall length and $-in. diameter. 1% 
conteloe & Owowtage preamplifer which is designed to work into a load 


impedance of 500 chins. A &conductor cable attached to the unit provides 


the supply voltages 12 the reamplifier and carries the output jeada and 


calibrating leads. 
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Friting 119, Receiving response, 2A condenser Frover 114, Receiving xeupcnse, 2A condenser 


tydrophene. hydrophone, net inclading preamplifier. 


Fucuam 116, Drawing, 2A condenser hydra 
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74.38 RCA Electrodynamic Hydrophone 
4 Type: Blecirodynamic. 
* Designer and Masufacturer: Radio Corporation of America. 
: References: USHL Oriando Project No. 17, March 4, 1944. 


See also, “Calibrated Subaquecus Microphones,” 1. F. Olsor: 
and J. Preston, RCA Laboratories, October 26, 1949, 


Uee: Standard | for calibration measurements, 
Deveription: This instrument is of elaye construction. The diaphragm 
is a Wyn. thick domeshaned stec! shell and it is coupled to a movable 


coll joneted in a magnetic field, 
Threshold: —87 db ve 1 dyne per sq om at 20 ke. 


SP chet Mt act Se HOSTS EG ela thE ARE A ANOS ETS AEE aa Ee NT OS AIRE 


So rae adage te 


ecient Letters BR tristan rnin 


CONFIDENTIAL 


5 
> s & 
- , 5 
% -“ 
| eee 
re a TD 
- 
ig 
‘fw 
> ; 
‘ ed “ te 4 
ve = - 
> - 
“ $ 
» ~“ SA . 
> 
- © vita : 


a A 


AAA 


‘ 
2 


‘ 


EO 
eee, “arama 
és 


eo 
Liye Shes SAAS 


; = 


ei 
yea wrist o's a J 


wit She nial oP. Ea 


BaD INDUSTRIAL DESIGNS 
Hydrophon- 
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Type: Magnetooteiction (nickel). 
Designer and Manufacturer: Railic Corporation of Arserica. - 
References: TISEL Orlando Project Ne. 117, March 4, 1944. 
Sze aleo, “Calibrated Subaqneous Microphones,” H. PF. Oison 
__. tnd 2, Preston, BCA Laboratories, October 2¢ 1943.7 
Uea: Ag standard in calibration measurements. 


Description: Tie transducer element ie a nickel tube % in. in diameter, 


Z in. in length, and 0.015 in. in well thickness. The polarizing flux ie sup- 
plied by four small Alaico niagnets. A coll of insulated wire is wound 
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Pious 186. Becelving response, UEDAR G00. 


Figuan 24. Directivity patterna, USDAR 
ac 400.8 kee. 
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audio fremency voltage ecross the hoadphones is plotted against object 
distance, On this figure the decrease of signal level with decreasing dis-— 
tance is due to overloading of the audio circuit, 

‘From the above description it is seen thet the object distance can be 
aporoximately estimated from the frequency and intensity of the audio 
aignal, as well as from He bearing {determined from direction in which 
the device is simei} and approximate knowledge af the slope of the 
bottom, 

Experimental unite operating at 280 ke and 1.000 ke were also tested. As 
sheen in Table 1, the 1,008 unit waa inferier to both the 25¢ and 500 units. 
The 267 wit performed ne Well as the 600, but ease in obtaining the simalier 
ervatela used in the 800 led.te the further development and improvement 
of the 600 unlt, Modification in the gain characteriatica of the audio fre- 
quency circuit resulted In the major part of the improvement of the 800 
modified over the 800-1 unit. 
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Tae General Electric Carhon Hydrophone 
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Type: Carbon. 

Designer and Monufacturer: General Electric Company. 

Reference: NDRC Report No, C4-er20-298, November 12, 1942.1" 

Use; Ag sound element in a binaural listening system. 

Description: A carbon button is mounted inside « aoft rubber cap. The 
button is closed by a plu: .er which is rigidly attached to a brasa eylinder. 
The supply eapeutt consists of 414 v, de, through a filter consisting of a 
series choke coil of 60 h inductance with 5.8 chms d-c resistance and a 
i%4-s¢ shunt condenser. The response of the hydrophone ia not a Hnear 
function of incident sound pressure as shown on the receiving response 
curve. 
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48 projector, 14-15 


Neval Oninance Laborsters, 194 
ne Research Laboratory 
type hydveph aie, 196-187 
rk hydrophone, 16-87 
woe cpjest locatar, 198 
BY velocity type i engs 
220 
X-5 projector, 140-141 
Ke projector, 148-163 
xT trenadveer, 347 


New ta _adrophones, 204. 


sbaidiecen etal “4 
we ADP ergsiale 


s Sh rsctpions, 218 18-819 


prajeting, B+ 

ORLA ‘ahi S45. 

$6120 ivansdweer, $45- 

S4S11A teaneducdt, 245. 

Heinch spheries! ‘agnetostriation 
| type projester, 5¢ 


NI setae phe projectors, Ge 


NLISG iytabene, 4th 
NLA9G hydrophone, S16-217 | 


NE sien sounding | projestor, The 


72 - 


NM-2 ponaroomnding pooledtor, 72. 
Niks. fenas-soundinig iprbker idk, 1 


NMA somar-soutiding projeclar, 76 
ay oF 

NMS) sonar-sounding projector, 
T4915 . 

NMB-2 w apace projector, 
76-4 


NMC ronarsounding profectors, 


WEFT 


etter aielttoranincn StS erat 


spasiaircin 


ie re esfamsee 


is: 


benign nsacagcttat neces. Setindiom bind nhinAeAIAE hectbis Nop Pinna RE BAH 


vt gaaaitor 


Spe nS aon 


aR NC Eee 


nec nce esc se 


NMC-1 sonar-sounding projector, 
78-1p 
Non-directional magnétestrietion 
transducer, S221 
NRL 
see Naval Research inboratery 
OAY eound meter hydronhone, 
262-288 
Gil exploration, use of tourmaline 
gauges, 34 
OLA hydrophone, 8, 4, 46-47 
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i projecter, 2, 2, 18-19 
160 in. QGA dome, 16%, 168 


PAR sound level indicator hydro- 
' phone, 200, 22g 
Phesoclectrie trannducers, 226-239, 
R16-276, 278-209 
Plan position Indication {PP 

FM sonar, 961 

scanning sonar, 249 

AQHA sonar system, 250 
Pravtice attack meter, 316 
Prenauve gradient transducers 

1A hydrophone, 24-28 

2A hydrophone, 26-27 

8A hydrophone, 216337 

GA hydrophone, 31-319 
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LALOR sonar-vanging projector, 92.53 
QCI-2 sonar-ranging projector, 54, 
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QCF-8 sona: “ranging projector, 86. 
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QCL, 7 soner-ranging projector, 
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QCL-8 sonar-ranging proicetor, 98- 
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jector, 190-162 
QCN-4 sonar-ranging projector, 
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soner-ranging projector, 
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QCR, -2 sonat-renging projector, 
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QCS.2 sonar-ranging. projector, 
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QCT-}, projector, 110 
QCU dome, 164 
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FES, 166.168 
QC torpedo-thened dome, 165 
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~2 dome, 161-229 
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transmistion loan calibration 
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QGA dome, 162-165, 172-174 
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QGC projector, 359 
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Radio Corporation of America, 277 
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ADP crystal projector, 144-145, 
487 

electrodynamie hydrophone, 328- 
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QGB sonar-ranging projector, 
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C37-5- hydrophone, #50 
8-124 hydrophone, 824 
BS-6 hydrophone, $25 
Rechella salt crystal transducers, 
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see §=Magnetostrictive Rochelle 
_ walt crystal trangducers 
Rochelle salt crystal tranaducers, 
K-ent 
5A hydrophone, 212.212 
5B hydrophone, 312-318 
&0 hydrophone, 86-39. 
TA hydrophone, 814-815 
AX-8 -hydgo phone, 804-306 
AX-6-F hydrophone, 304-005 
AX-47 hydrophone, 278-270 
AX-AT-1 hydrophone, 278-279 
AX-650 hydrophone, 226.251 
AX-584, hydrophone, 282.283 
- AX-79 hydrophone, 286-237 
AX-79-1 hydrophone, 385.287 
AX-88 hydrophone, 288-289 
AX-1281 transducer, 294-205 x | 
Ci1-Ai hydrophone, 40-41 
Ci3 transducer, 20-21 
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037 hydrophone, 800-301 
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C44 hydrophone, 904-205 
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principies of operation, 249-250 
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12 projector, 119 
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28 projeetor, 16-11 
3A hydraphone, 28-29 
3B projector, 12-43 
48 projector, 14-35 
5A projector, 4-7 
§C hydrophone, 36-28 
BE hydropacne, 86-39 
&F prefector, 10-17 — 
AX.78 projector, 8-9 
AX-@1 hydrephene, $0.01 
AZ-i24 projector, 8-2 
P18-B hydrophone, 22-28 
810-2 moniter hydrophone, 84-36 
Cli-Al hydrophone, 40-41 
CL). tranedueer, 20-23 
condenser hydrephume CHI, 42- 
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HE type hydrophone, 44-48 
MH transducers, 24-25 
OLA, hydrophone, 46-47 
XX hydrephone, 48-49 
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QCR sonar-ranging prejector, 
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QOd suner-canging po ,ector, 82 
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1-8 +. ar- aigiay projector, 
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QOL-B sonat-ranging projector, 
98.09 

QCN sonar-ranging projactor, 
100-302 

Oun~« ‘sonar-ranging profector, 
303-105 

QCO sonar-renging projecter, 

406-107 

QCQ sonarranging projector, 
308.100 

QCS-1 sonmrranging projector, 
1i0-138 

OCU soner-ranging projector, 
114-235 

QGA sonar-ranging projector, 
116136 

QGC projector, 350 

8-124 hydrophone, 524 

BK 4044 projector, 156.157 

SE 4610C projector, 158-169 

88-6 hydroplone, 225 

WCA-1 sonarranging projector, 
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WCA-2 sonar-reaging projector, 
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3B gioleeter, 1, 2, 12-15 
Thurne-type hydrophones, $47 
TIN hydrophone, 347 
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TME-Ti hydrophone, (44-015 
TMSH hydrophone, 347 
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Torcidel magnetost ietion Rydro- 
phones, 205, 208, 210-211, 
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Torpeds domes, 163 
Tourmaline erystel transducers 

HT-1 hydrophone, 186-187 

K-type hydrophone, 196-197 

OLA hydrophone, 46-47 

Tourmaline gacges, 241-248 

impedance effieieuiey, 241 

requirements for measurement 
of explosive sounds, 241 
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TMP gongs, 8o%-265 
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Transducers 

ave AJP evystal transducers: 
Magnetostrictive trans- 
ducers; Rochelle zalt erys- 
tal tranducers; Tourmeline 
crystal transducers 

see alse under names of indi. 
viduel models, companies 
ant laberatories 
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24 condenser hydrophone, $26-827 
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Type 126 Avdic set, 180-189 

Type 166 Asdic traneducer, 184 
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Underwater Sound Poferer-s Lab- 
oratory (UBRL) 
PM sonar system, 261-270 
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Standard traneducers, 1-49 
transdwcer designs, 226-230 
U. 3. Naval Mine Warfare Test 
Station, 104 
U.S. Navy sonsr eguipmest, 60- 
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University of Califernia 
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CSd-T8256 serial 20 sound head, 
226.227 
CY4 sample $A transducer, 226. 
£29 
EPZ transducer, 226.291 
FE2Z transducer, 288.280 
GA tranadacer, 254.986 
GDI€-17 transducer, 36-297 
GD84Z-1 transducer, 238-499 
UOL (underwater object loextor), 
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USDAR ‘portable oneaman echo- 
Yreaging device) 
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system of operation, 832, 394 
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WCA sonar projector, 124-191 

WCA-1 sonar-renging projector, 
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WCA-£ sonsr-ranging  projectora, 
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WEA-1 dome, 161-163, 165, 168-170 

WEA-1 sonar-ranging projector, 
182-138, 175 

WEA-2 dome, 162 

WEA-2 sonar-ranging: projector, 
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WEB sonar-ranging projectors, 80- 
81, 127-120 

WRA-i sonar hottomeide trans- 
ducer, 136-187 

WFA-1 sonar topside traneducer, 
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X-65 projector, 146.141 
X-8 projector, 149-143 
X-7 projector, 347 
X-cut quartz erystal, C10 hydro- 
phone, 296-267 
X-cut Rochelle sett crystal trans- 
decers 
see Rochelle anlt crystal truns- 
ducers, X-cut 
XE 1-2 evyetal hydraphone, 848 
MQ hydropbane, 947 
XMS hydrophone, $48, 347 
RMX hydrophone, 4, 48-49, 344 
¥PA projector, 224-285 
XQB-6S projector, 171 
XQHA CR ecanning sonar, 260-254 
bearing seeuracy, 261, 270.271 
calibration churta, 251,260 
coverage rate, 272.278 
description of system operation, 
250-264 
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